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The new 
corrosion film 
everyone 

is talking 
about! 


Here is an authoritative film that answers many questions 
on the theory of corrosion and demonstrates methods 
by which it is controlled. Presented in color and sound, it 
ranges from the formation of anodes and cathodes 
through the use of galvanizing, inhibitors, metallizing, 
cathodic protection, alloys and protective coatings. 

You will see how many corrosion problems in_industries 
such as yours are being solved by Dimetcote, a 
one-coat zinc silicate protective coating. 

This film will be well worth 19 minutes of your time. 
To arrange a showing for you and your associates, or to 
learn when it will be shown in your area, contact 

any of the Amercoat offices listed below. 
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Dept. Gl + 4809 Firestone Boulevard 
South Gate, California 
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Typical audience reactions: 
Bishop, Tex.—“Planning fair-sized 
test after seeing this film.” 


Louisville, Ky.—‘‘Answers many 
questions. Second showing arranged.” 
Cincinnati, Ohio—“Key personnel 
evidenced considerable interest.” 
Netherlands Antilles —“Both shows 
led to 45-minute discussions.” 
Fairport, Ohio—“Very interesting. 
Will try methods shown.” 

Las Piedras, Venezuela—‘“‘Putting 
ideas to work in near future.” 


Bartlesville, Okla.—‘“‘Viewed by 
42 key men from five divisions.” 


Answers these and other 
questions: 

What produces electrolytic corrosion? 
What factors favor hot-dip 
galvanizing? 

How important is surface preparation? 
Can a coating survive a tank fire? 
Can rust in tankers be controlled? 


Can a coating offer cathodic 
protection? 

What are the corrosion problems 
on offshore rigs? 

What are the advantages of 

zinc silicate? 

How can chemical plants 

cut painting costs? 


@ 921 Pitner Avenue + Evanston, Illinois 


@ 2404 Dennis Street + Jacksonville, Florida 
360 Carnegie Avenue * Kenilworth, New Jersey 


@ 6530 Supply Row + Houston, Texas 
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Two 20” Transite Lines at left carry thickened pulp; 
smaller Transite Line at right carries water to mill. 


New copper mill installation proves 


Transite Pipe withstands a variety of aggressive 
service conditions in new dual process system 


Ficep with the problem of mining 
lower grade ore, Inspiration Con- 
solidated Copper Co., Inspiration, 
Arizona, switched to dual-process 
re extraction—an efficient, profit- 
able process. But one that is seldom 
matched in the range and severity 
of services a piping system must 
withstand. 

That’s why Inspiration’s engineers 
specified more than 80,000 feet of 
Transite® Pipe for the system. Ex- 
perienced users of Transite, they 
know its rugged, asbestos-cement 
formulation assures money-saving 
economic life in the new system’s 
many services. In 4” to 20” diam- 
eters, Transite brings two qualities 
of raw water into the plant; transfers 


liquids within the plant, including 
acid and alkaline solutions; carries 
pulps before and after thickening; 
and finally, Transite distributes the 
tailings. Fluids carried by the Trans- 
ite System range up to 54% of solid. 

Then, to Transite’s performance 
advantages, add its installation econ- 
omy. Its Ring-Tite” Coupling speeds 
and simplifies assembly, gives you a 
tight, lasting seal at every joint in 
the line. Lightweight, Transite is 
quickly, easily handled, requires 
special handling equipment only in 
the larger diameters. 


iH 
2) JOHNS-MANVILLE 


Let us send you informative book- 
lets, TR-160A, Transite Pressure 
Pipe and TR-51A, Transite for Mine 
Service. Address Johns-Manville, 
Box 14 CO, New York 16, N. Y. 


Ring-Tite Coupling r 
speeds and simpli- | 
fies installation. 
Cutaway shows 

how rubber rings | 
are locked in grooves 

to give you a tight, 


yet flexible seal. Q 


JOHNS -MANVILLE 


PRODUCTS 
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“Galvomag anodes? Good output, long life, no maintenance” 


SAYS A TECHNICAL SUPERVISOR: 


“We use Galvomag® magnesium anodes to protect our 
gas lines. They have good throwing power, they're in- 
expensive, easy to install and check. They require no 
maintenance except replacement and they give us no 
interference problems.” 


An increasing number of utilities depend on Galvomag high 
potential anodes for complete cathodic protection. Because 
Galvomag anodes deliver 25% more current than conven- 


tional anodes, they provide more protection in high resis- 
tivity soils. In normal soils, four Galvomag anodes do the 
work of five conventional type anodes. In any application, 
they save time, effort and installation costs. 


Galvomag anodes are also your best bet for oil wells, tanks, 
offshore structures, and heat exchangers. For facts, figures 
and technical information, get in touch with one of the firms 
listed below or write to us. THE DOW CHEMICAL COMPANY, 
Midland, Michigan, Department MA 1439R-1. 


CALL THE DISTRIBUTOR NEAREST YOU: Cathodic Protection Service, Houston, Texas + Corrosion Services, Inc., Tulsa, Oklahoma - Electro 
Rust-Proofing Corp. (Service Division), Belleville, N.J. - Ets-Hokin & Galvan, San Francisco, Calif. - The Harco Corp., Cleveland, Ohio 


Interprovincial Corrosion Control Company, Burlington, Ontario - Royston Laboratories, Inc., Blawnox, Penna. - Stuart Stee! Protection 
Corp., Plainfield, N.J. - The Vanode Co., Pasadena, Calif. 


YOU CAN DEPEND ON 
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Topic of the Month—Corrosion of Titanium in Sulfuric Acid 
; : and Chlorine 
devoted entirely to corrosion 


research and control By We Oe OMANI a os 2e fos Fok ola le. eeucieadeerasbuelace et ae ane 21 


Suemnes menihiy - - otietat iurnel. by ee > 
ional Association o rrosion eers, Inc., a . ' a - 
Houston, Texas, U. S. A., a8 a permanent record of A Review of the Gas Condensate Well Corrosion Problem 


progress in corrosion control. 
eS iano Y's as Ow k dG ee Oe eee 23 








Vol. 14 September, 1958 No. 9 : 7 : ee : 
‘ soniedin Corrosion Resistance of Titanium Alloys Compared With 
; Commercially Pure Titanium 
age ‘ - ‘ 
iets: | 4 By David Schlain and Charles B. Kenahan............... 25 
Directory of Regional and Effect of the Concentration of Various Salts 
Sectional Officers ..... .. 6,8, 10 On the Dissolution of Cadmium in Air Saturated Solutions 
Officers and Directors, Staff Members, By Charles J. Boone and Cecil C. Lynch................. 29 
National Association of Corrosion 
Engineers .................... ... Saturable Reactors for Control Rectifiers 
ee ee NE nk oe Bias Sek ewlceme le weiaacan 32 


TECHNICAL COMMITTEE 


ACTIVITIES 
Water Industry Corrosion Problems 4 SYMPOSIUM ON 
PONE 88 or 5 6.0075 8% Rape o 5 

ae CORROSION BY HIGH PURITY WATER 
Increasing Damage From De-Icing 

Salts Feored ae ‘ } 65 Four Contributions to the Work of NACE Technical Committee T-3F 
Static Inhibitor Test Completion on High Purity Water. Publication 58-13. 

Urged by T-IK........ iO 


The Corrosion Behavior of Zirconium-Uranium Alloys 
in High-Temperature Water 


By Warren E. Berry and Robert S. Peoples 


Sea Water Silt Tests Planned for Anodes 65 


Tape Committee Holds Sessions 





At Three Regional Meetings. . Skea (ae 
Long Range Evaluation of Plastics Planned 66 Corrosion and Water Purity Control for the Army 
siaceilaiseddcaatiaidl heal “ Package Power Reactor 
n n en p ° . ° 
re eT ee te By Richard J. Clark and A. Louis Medin 
New Questionnaire Given to Cable Sheath 
Group reece eee eee e ees 66 Removal of Corrosion Products from High Temperature, 
Steines of Zan Ralbece Ame High Purity Water Systems With an Axial Bed Filter 
Held by Group TO4B-3..... 68 By R. E. Larson and S. L. Williams 
More AC Corrosion Reports Given 68 - ee 
™ eens — on ae Some Relations Between Deposition and 
— oe Committee Corrosion Contamination in Low Make-Up Systems 
aps Weighed. 68 For Steam Power Plants 
HF Alkylation Query Data By E. S. Johnson and H. Kehmna 
a Are Summarized... 68 rere oe 
“wl sani ca Discussion: Robert D. Misch, Page 53; B. A. 
z ay Say ee 68 Kronmiller, Page 53; W. A. Keilbaugh, Pages 53 
, Redox Interpretation Is Topic 68 and 54; Replies by E. S. Johnson and H. 
Kehmna, Page 54 
an NACE NEWS 
io SOUTH CENTRAL REGION CONFERENCE : ; . . ; 
ns ' Corrosion of Metals in Tropical Environments 
Y, New Orleans Meeting Plans Completed. 69 (Part 2—Atmospheriec Corrosion of Ten Structural Steels) 
Schedule of Technical Meetings 69 By C. R. Southwell, B. W. Forgeson and A. L. Alexander... . 55 
re South Central Region Abstracts 69 A Method for Determining Corrosion Rates 
io coum Seanad Region Conference From Linear Polarization Data 
on Ne ae a RE I INS bis. os i Ie Oe e800 60 
@®ee 
Mailings Planned for Western Region's Copyright 1958 by the National Association of Corrosion Engineers. Reproduction of the contents, either as a whole or 
: in part, is forbidden unless specific permission has been obtained from the Publishers of CORROSION. icles pre- 
ae Nov. 17-21 Meeting 74 manar Breda an cokauia of aan authors, and not euneaat ines of the watsees 2 CORROSION. ea the 
_ Officers or Members of the National Association of Corrosion Engineers, Manuscripts to be considered for publication 
(Continued on Page 4) should be forwarded, together with illustrations, to the Editor of CORROSION, 1061 M&M Building, Houston 2, Texas. 
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NORTH CENTRAL REGION MEETING 


Outstanding Program Arranged for 
Cincinnati October 15-17. ; 76 


Technical Program Chairmen and Authors 
North Central Region Abstracts . 78 
North Central Region Biographies 82 


National and Regional Meetings and 
Short Courses .... ; 85 


Teche Section Meeting 85 


Miami Corrosion Control 
Short Course Set Nov. 10-14 eee 


12 Papers Arranged for Richmond Meeting 86 


Men Responsible for Western Region 
Conference and Corrosion Control 
Short Course 86 


Poor Coating Job Doubles Cost i in5 Years . 88 
Canadian Region Sets Double Meetings 90 
Everything Is Ready for San Joaquin Tour.. 90 
Deep Ground Beds Is Topic at Birmingham 90 


Burnett Will Be Chairman of 
Denver Regional Meeting. . 
Technical Program for 1960 Northeast 
Meeting Outlined 


Kansas City Section to Chart 
Activities for 1959. . 


Waldrip Speaks at Calgary 
Saleck to Run Short Course. . 
eee 
NORTHEAST REGION MEETING 
Well-Balanced Program Is Completed 
Registration Times, Fee Schedule. . . 


Naval Shipyard and Clapp ay 
Tours Arranged 


Variety of Entertainment clades 
Ladies’ Program 


Four Industrial Films to Be Shown 


Old-Fashioned Clam Bake 
Entertainment Highlight 
eee 


Logan Joins Committee 


General News 


Corrosion Course Is Offered 
at Houston University 95 


Louisville Industries Are Charged With 
85% of Air Pollution Load 95 


Coatings School Set September 6 and 13 95 
Quick Identification by Crystal Facial 

Angels Is Facilitated by Catalog 95 
Papers on Environmental Testing, 

Simulation Sought 95 


ASTM Atmospheric Testing Results 

Given at Boston Meeting , 2 
Magnetic Ball Check Valve Uses No Springs 96 
Mathematics, Physical Sciences Course 

Offered bao 96 


St. Mary's Offers BS a oe 98 
Book News Les sg 100 
New Products 

Men in the News 


Technical Topics 


Some Corrosion Problems of Tank Trucks and Their Solutions 


By Louis Reznek 


INDEX TO CORROSION ABSTRACTS 


INDEX TO ADVERTISERS 


SCHEDULED FOR PUBLICATION 
IN OCTOBER TECHNICAL TOPICS 


More Revenues from Longer Lasting Water Meters Through 
Corrosion Control by Harold E. Wilson 


Tests Show Most Coatings Blister Under Cathodic 


Protection by F. J. Ploederl 


SUBSCRIPTION RATES (Post Paid) CORROSION, 


Non-Members of NACE, 12 
Non-Members of NACE 

Single copies, 1956 to date. e540 eS eS ee 
NACE Members, Single _— 

1956 to date...... ‘egeewehw ome 
All Issues 1945-55 Inclusive, ‘Per Copy.. 2.00 
Libraries of Educational Institutions 

and Public Libraries in the United 

States and Canada, 12 issues....... 4.00 
NACE Members Receive CORROSION. as a Part 

of Their Membership at No Extra Charge 


- $11.00 


issues..... 


1061 M & M Bldg., Houston 2, Texas 


Foreign remittances should be by international 
postal or express money order or bank draft 
negotiable in the U. S. for an equivalent amount 
in U. S. funds. Entered as second class matter 
October 31, 1946, at the Post Office at Houston, 
Texas, under the act of March 3, 1879. 

CORROSION Is Indexed Regularly by Engi- 
neering Index and Applied Science and Tech- 
nology Index. 
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THIS MONTH’S COVER—Shown here are some 
of the 7000 boxcars operated by Canadian 
National Railways with unpainted aluminum 
roofs. CNR adopted the roofs as standard in 
1955. Alloy is Alcan B54S (nominal 4.4 Mg 
0.30 Mn) 0.081 thick riveted with Alcan 55S 
rivets. (Cu-free balanced Mg-SI alloy). 


w 


EDITORIAL STAFF 
IVY M. PARKER—Editor 


JAMES T. LONGINO 
Technical Editor 


EDITORIAL REVIEW COMMITTEE 
FRED M. REINHART, 


Chairman 
MARK F. ADAMS 
A. L. ALEXANDER 
PHILIP M. AZIZ 
JOSEPH BIGOS 
W. W. BINGER 
W. B. BROOKS 
LC. DIETZ 
J. E. DRALEY 
A. C. ELM 
OTTO H. FENNER 
N. D. GREENE 


JOHN J. HALBIG 
B. C. HAWORTH 
T. L. HOFFMAN 
HARRY J. KEELING 
FRANK E. KULMAN 
HUGH L. LOGAN 
CHARLES C. NATHAN 
J. W. NEE 
V. B. PIKE 
JANE H. RIGO 
A. H. ROEBUCK 

D. H. THOMPSON 


CORRESPONDENTS 


GORDON B. SMITH—Non-Ferrous Metals 
NORMAN D. GROVES—Pulp, Paper, Mining and Food 


Vv. M. KALHAUGE—Petroleum Production and 
Pipe Lines 


C. P. LARRABEE—Ferrous Metals 

HERBERT W. DIECK—Power 

THOMAS J. SUMMERSON-—Light Metals 

H. HOWARD BENNETT—Petroleum Refining 

A. F. MINOR—Telephone, Telegraph and Radio 
S. W. SHEPARD—Non-Metals 

LEONARD C. ROWE—Transportation Industry 
Vv. V. KENDALL—Fresh and Salt Water 

T. F. DEGNAN—Chemical Industry 


Ww 


BUSINESS STAFF 


NORMAN E. HAMNER 
Managing Editor and Advertising Manager 


T.. 3 
(Executive Secretary NACE) Business Manager 


GENERAL OFFICES 
1061 M & M Building, No. 1 Main St. 


Houston 2, Texas 





GONNA RUSTLE Some RiGS/}|, (NUTHINS Too 
TOUGH FOR 


ME! 


MEANWHILE, DOWN AT THE TUBING STRING 


TUBING LUNCH WITH PARAFFIN 
SAUCE AM GOOD FOR OLE RUSTY! 


OLE RUSTY NEVER HAD A 
CHANCE WITH GALLOWAY* 
ON THE voB/ 


GA 


LLOWAY 


Fastest 
GROWING 
COMPANY 
OF !TS 

KIND. 


TO THE RESCUE/ __ 
4 YEARS OF CORROSION TESTS IN THE GULF 


GALLOWAY’S PLASTIC PROTECTION! 


DURON, down hole, protects blast joints opposite perforation 
better than any other product—and at the lowest cost. For 
over four years, DURON has protected offshore structures’ 
splash zones against corrosion and abrasion. Five reasons why 
more than twenty major producers use DURON successfully 
today are: 


1. WITHSTANDS MORE IMPACT. 

2. EASIER AND CHEAPER TO APPLY THAN ALLOY SLEEVING. 

3. PROVEN GREATER EFFECTIVENESS AGAINST ABRASIVE FORCES. 
4. CAN nS REPAIRED BY A ROUSTABOUT WITH A PAINT BRUSH. 
5. LOW COST. 


Try DURON today for guaranteed protection. 


THE ODIS C. GALLOWAY COMPANY, INC. 


HOUSTON LAFAYETTE BEAUMONT 
2411 Times Bivd. 100 Maurice St. 1601 Cedar, Box 2343 
JA 3-4025 CE 5-3252 TE 8-1800 


PIPE GUARD 


PIPE GUARD gives you economical protection against corrosion 
and paraffin and assures you longer tubing life. The four 
reasons why only Galloway’s plastic coating establishes a 


superior defense against corrosion are: 


1. SCIENTIFIC METAL PREPARATIONS USING PURE SILICON DIOXIDE. 
2. FIELD AND LABORATORY PROVED PLASTICS. 
3. IMPROVED BAKING TECHNIQUES FOR A TIGHTER BOND OF PLASTIC 


TO STEEL. 
4. EXACTING, PRECISION CARE IN APPLICATION, TESTING AND HANDLING. 
Free storage and counseling are available to you...also, 
complete testing and inspection facilities. For quick service, 
contact your nearest GALLOWAY representative today. 


COUPON 


Please furnish me complete information on Galloway's PIPE GUARD 


Company 


Address 
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Directory of NACE Regional and Sectional Officers 


CANADIAN REGION 





A. R. Murdison, Director, Winnipeg 





Pipe Line Company Limited, 208 


Edmonton Street, Winnipeg 1, 
Manitoba. 

B. H. Levelton, Chairman; B. C. 
Research Council, University of 
B. C., Vancouver 8, B. C., Can- 
ada. 

Hi. G. Burbidge, Vice-Chairman ; 
Aluminum Company of Canada, 
Ltd., 1700 Sun Life Building, 
Montreal, Quebec, Canada. 

W. G. Brander, Secretary-Treas- 
urer; Northwestern Utilities, 
Ltd., 10124 - 104th Street, Edmon- 
ton, Alberta, Canada. 


@ Calgary Section 

D. S. McIntosh, Papteens Srltomes 
Pipe Line Co, Ltd GO. Box 130, 
Calgary, Alberta, fc 

G. Mainland, Vice- Sviogen: impe- 
rial Oil Lid., Tech. 
300 - 9th Avenue, West "Ghilers, 
Alberta, Canada 

E. W. Abercrombie, Secretary-Treas- 
urer; Aluminum Company of Can- 
ada, 118 - 5th Avenue, S. E. Cal- 
gary, Alberta, Canada 


@ Edmonton Section 

W. H. (Bud) Seager, Chairman; In- 
terprovincial Pipe Line Co., North- 
ate Bldg., 10049 Jasper Ave., 
Eaeceien, Alberta, Canada 

E. Evans Moore, Vice-Chairman; In- 
terprovincial Pipe Line Co., North- 
gate Bldg., 10049 Jasper Ave., 
Edmonton, Alberta, Canada 

Daniel J. MacQuarrie, Secretary- 
Treasurer; The Impe rial Pipe Line 
Co., Ltd., 11140 109 Street, Ed- 
monton, Alberta, Canada 


@ Hamilton-Niagara Section 


H. W. Hyslop, Chairman; United 
Gas & Fuel Co., of Hamilton, Ltd., 
82 King St. E., Hamilton, Ontario, 


Canada 


@ Montreal Section 

H. H. Yates, Chairman; Redpath 
Library, McGill University, 3459 
McTavish Street, Montreal, 
Quebec, Canada 

M. D. Phillips, Vice Chairman; Mc- 
Coll-Frontenac Oil Company Ltd., 
10200 Notre Dame Street, East; 
Montreal, Quebec, Canada 


D. B. Bird, Sec.-Treas.; Aluminum 
Company of Canada, Ltd., 1700 
Sun Life Building, Montreal, 
Quebec, Canada 


@ Toronto Section 

H. A. Webster, Chairman; Corrosion 
Service Ltd., 17 Dundonald Street, 
Toronto, Ontario, Canada 

W. A. Landon, Vice-Chairman; Con- 
sumers’ Gas Company of Toronto, 
36 Mutual Street, Toronto, Canada 

Frank Farrer, Secretary-Treasurer; 
Trans-Northern Pipeline Co., Ltd., 
696 Yonge Street, Toronto, Ontario, 
Canada 


@® Vancouver Section 
John R. Gray, Chairman; B. C. 


Electric Company, 970 Burrard 
Street, Vancouver 1, B. C. 

C. Harrison Townsend, Vice-Chair- 
man; 2980 Thorncliff Avenue, 
North Vancouver, B. C. 

John S. Whitton, Secretary; 2210 
West 12th Avenue, Vancouver 9, 
Ds Ras 

W. Perry, Treasurer; Insulastic & 
Building Products Ltd., 586 West 
6th Avenue, Vancouver 9, B. C 


B. H. Levelton, Trustee; B. C. Re- 
search Council, University of B. C., 
Vancouver 8, B. C., Canada 
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H. F. Haase, Director; Corrosion 
Consultant, $202 South 28th Street, 
Milwaukee, Wisconsin 

W. E. Hare, Chairman; Hare Equip- 
ment Company, 1720 Section Road, 
Cincinnati 37, Ohio 

R. C. Weast, Vice-Chairman; i 
Institute of Technology, 10900 E 
clid Avenue, Cleveland 6, Ohio” 

A. McConnell, Secretary - Treasurer; 
Geo. J. Meyer Manufacturing Com- 

any, Meyer Pl. & Dunmore Court, 
udahy, Wis. 


®@ Chicago Section 


H. G. Boone, Chairman; 116 Iroquois 
Drive, Black Hawk Heights, Clar- 
endon Hills, Ilinois 

I. J. Acosta, Vice-Chairman; Crane 
Company, 41 S. Kedzie Ave., 
Chicago, Illinois 

D. G. Keefe, Secretary; Swift and 
Gompany,, Union Stock Yards, 
Chicago Illinois 

Wayne olay Fag Treasurer; Dearborn 
Chemical Company, 375 Merchan- 
dise Mart, Chicago 54, Illinois 


@ Cleveland Section 

J. F. Bosich, Chairman; Diamond 
Alkali Company, P. O. Box 430, 
Painesville, Ohio 

John Scott, Vice Chairman; Truscon 
Laboratories, 1372 Primrose Drive, 
Mentor, Ohio 

Peter P. Skule, Secretary-Treasurer; 
East Ohio Gas Company, 1405 
East Sixth Street, Cleveland 13, 
Ohio 


@ Detroit Section 


David L. Hill, Chairman; Timken- 
Detroit Axle Company, 100-400 
Clark Avenue, Detroit, Mich. 


L. W. Gleekman, Vice-Chairman; 
Wyandotte C hemicals Co., 1609 
Biddle Ave., Wyandotte, Mich. 


Carl O. Dovkin. Secretary; Chrysler 
Corp., Engr. Div., P. O. Box 
1118, Detroit, Mich. 

Euel Vines, Treasurer; Koppers 
Company, Inc. 301 W. Eight Mile 
eel, Detroit, Mich. 


@ Eastern Wisconsin Section 

E. A. Witort, Chairman; Steel Sales 
Company, 2406 W. Cornell St., 
Milwaukee 9, Wis. 

David D. Walczyk, Vice-Chairman; 
A. O. Smith Corp., Dept. 9753, 
P. O. Box 584, Milwaukee 1, Wis. 


Harold F. Haase, Secretary-Treasurer; 


Consultant, 2202 S, 28th Street, 
Milwaukee 15, Wisconsin 






SOUTH CENTRAL- 


@ Greater St. Louis Section 


functions, ee, Lead & Shaclding 
Box 495, East St. Louis, 


Oliver Ww. Siebert, 
Mensanto Chemical Company, 
G. Krummrich Plant, 


Vice-Chairman; 


Dean Jarboe, Secretary; 
Corp., 6161 Maple Arenas, 
Louis 14, Missouri 

A. O. Fisher, Treasurer; Engineering 

Lindbergh & Olive St. 

. Louis 24, Misouri 


@ Kansas City Section 
A. C. Singer, 
Service Company, 824 Grand Ave- 
» Kansas City, Mo. 
Jack L. Grady, — Chairman; 
ai City, Mo. 
R. ‘Wesnas 
American Tel. 
; a East 11th Street, 


e Southwestern Qhio Section 
Chairman; Hare Equip- 
1720 Section Road, Cincin- 


cinnati Gas & Electric Company, 
‘ <sarenaet, oO} 10 
S. Clifford Jones, 
nati Gas & Electric ‘Company, 2120 
Dana Avenue, Cincinnati 7, 
Arthur D. Caster, 


Treasurer: Engi- 
nee ring De a 


City of Cin- 


Cea 





Beiswanger, 


Aluminum Company of Amer- 


@ Baltimore-Washington Section 


K. M. Huston, Chairman; Baltimore 
f , Armco Steel Corp., 3400 E. 
Chase Street, 


Baltimore, Maryland 









A. Clifton Burton, Vice-Chairman; 
Research Laboratories, Armco Steel 
Corp., 3400 East Chase, Baltimore, 
Maryland 

J. W. McAmis, Jr., Secretary-Treas- 
urer; Washington Gas Light Co., 
1100 H er N. W., Washing- 
ton, ‘ 


@ Central New York Section 


Orrin Broberg, Chairman; Lamson 
Corporation, eee Vi New York 
L.. Andrew Kell Vice-Chairman; 
Niagara Mohaw beset Corp., 306 
~ Boulevard West, Syracuse 2, 


Charles E. Ward, Secretary-Treas- 
urer; 19 Foxberry Lane, Bayberry, 
Liverpool, New Yor 


@ Genesee Valley Section 


A. S. Levy, Chairman; The Pfaudler 
Company, 1000 West “Avenue, Roch- 
ester 11, New York 

Paul T. Lahr, Vice-Chairman; Goulds 
Pumps, Inc., P. O. Box 330, Seneca 
Falls, New York 

John V. Adkin, Sec.-Treas.; Roches- 
ter Gas & Electric Corp., 89 East 
Avenue, Rochester, New York 


@ Greater Boston Section 


Walter E. Langlois, Chairman; West- 
inghouse Electric Corporation, 220 
Nichols Street, Norwood, Mass. 

B. F. Barnwall, Vice-Chairman; 
Technical Coatin s, Inc. P. O, Box 
63, Millbrook tation, Duxbury, 
Mass. 

Manson Glover, Secretary-Treasurer; 
Glover Coating Company, Inc. 215 
Pleasant St., Stoughton, Mass. 


@ Kanawha Valley Section 


Col. George C. Cox, Chairman; 3711 
Washington Ave., S. E., Charleston 
4, W. Va. 

Conrad L. Wiegers, Vice-Chairman; 
Allied Service, Inc., 160 Spring St., 
Station A, Charleston, W. Va. 

Kenneth R. Gosnell, Secretary; Dev. 
Dept., Union Carbide Chemicals 
Co., South Charleston, W. Va. 

Ww. J. Foster, Treasurer; E. I. du- 
Pont de Nemours Co., Charleston, 
W. Va. 


®@ Lehigh Bip Section 


Kenneth R. Cann, Chairman; Inger- 
- -Rand. Company, Phillipsburg, 


No, 
L. H. Dale, Vice Chairman; 209 E. 
— St., Berwick, Pa, 
er N., Longenecker, Secretary- 
reasurer; The Glidden Company, 
Reading, Pa. 


@ Metropolitan New York Section 
N. N. Ehinger, Chairman; Alu- 
minum Company of America, 230 
Fag Avenue, New York 17, 
Y. 


A. F. Minor, Vice-Chairman; 
American Telephone & Telegraph 
Co., 195 Broadway, New York 
bs N. Y. 

B. C. Lattin, Secretary-Treasurer ; 
Ebasco Services, Inc., 2 Rector 
Street, New York 6, N. Y. 


@ Niagara Frontier Section 


Walter A. Szymanski, Chairman; 
Hooker Electrochemical Co., P. O. 
Box 344, Niagara Falls, New York. 

HA, Andersen, Vice- Chairman; - 
borundum Metals Co. Inc., 

Box 32, Akron, New York. 

M. Stern, Sceretary-Treasurer; Metals 
Research Labs. cs aoe Metallurg- 
ical Co., P. O. Box 580, Niagara 
Falls, New York. 


@ Philadelphia Section 


Walter H. Burton, Chairman; Gen- 
eral Chemical Division, Allied 
Chemical & Dye Corp., Cam- 
den 3, N. J. 

Robert S. Mercer, Vice-Chairman; 
Pennsalt Chemicals Cor ., White- 
marsh Research Labs., B: O. Box 
4388, Chestnut Hill P. O., Phila- 
delphia 18, Pa. 


J. K. Deichler, Secretary-Treasurer; 


Supt., Mechanical Inspection Dept., 
The Atlantic Refining Company, 
Refining Div., 3144 Passyunk Ave., 
Philadelphia, Pa. 


(Continued on Page 8) 
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Results of 133-day Plant Corrosion 
Tests in Distillation and 
Rectification of Crude CCI, 












































































Steel TEST 1 
—» Suspended in vapor stream above top plate 
Treas- of bubble cap rectification column. Approx- 
alee imate analysis of vapor: 
Carbon Tetrachloride ...........-+-++:- 
Sulfur Chloride .......cccccccccccceee 0.600% 
— Carton BGlewlfide 2. .ccccccccccccccccece 
rman; Temperature: 78°C. (171°F.) 
se 2 
lreas- TEST 2 
— Suspended in reboiler for column, com- 
pletely immersed in liquid with following 
idler approximate analysis: 
_— i ee csi cannes 98.30% 
roulds Carbon Tetrachloride .............-0008+ 0.13% 
emcee ene NEN a oan occ cdisincavecccus ees 0.01% 
ches- Temperature: 138°C. (280°F.) 
East 
W CORROSION RATE 
est- 
. 220 TEST1 | TEST2 
a ipy.** ipy. 
Bo: : 
bury, Monel + 
OL Nickel pit + 
. Inconel + + 
on Ni-Resist (Type 5) + 0.001 
eston Ni-Resist (Type 1) + | 0.002 
1 
man Mild Steel 0.008 | 0.217 
ee Cast Iron 
Dev. 
—_ **inches penetration per year tless than 0.001 
du- 
ston 
a a 
7 CCl t 
ar Maintenance cost cut 90% in , system 
) E. 
ary Using 3 different Nickel alloys, Westvaco runs column and Vapor, return and drop lines 
any ‘ * a: 
, Baie hon ae cucu cea £108 These lines are all Monel* nickel- 
- reboiler 12 years. Savings exceed $108,000 coun aed 
Ae At Westvaco Chlor-Alkali Divisionof | Lukens Steel Co. with fire-box steel Monel alloy provides protection 
17, Food Machinery and Chemical Corp., _ backing. ees a poe nge . —o 
an; corrosion by sulfur chloride had been The Inconel* nickel-chromium al- ydrochioric acid likely to lorm 
aph causing failure of the bottom head joy has high resistance to chlorinated hydrolysis in these conl- parts of the 
of the reboiler in the CCl, system organic solvents and also resists sul- — | : ; . 
wo every 15 months. Other parts, too, fidation at the high temperatures Ni-Resist* high nickel cast iron 
had to be replaced frequently ..~. present. Sketch shows conditions. completed the redesign. It was used 
running maintenance costs up to for sides and top of the reboiler and 
sae $10,000 per year and more. for bubble caps, trays, and bottom 
9. Engineers tested various materials sections of the still shell, which had 
“on in critical environments in the sys- originally been designed for cast 
O. tem. The data showed that several a2 need construction. 
= nickel alloys provided superior cor- 5 ; a Is your maintenance cost too high? 
rg- rosion resistance. And the system a S.Cl, 98.3 % ” on eanthtaila teas Se 
a was redesigned using these alloys. In 280°F CCl, —— 13% Mieieamana’ ey ait at sain 
the 12 years since, there have been a FeCl, = .01% 3 and Rencanshs Section can hel rou 
en- no replacements of major units. _ “aner wf in down the facts and select ls t= 
ied Yearly maintenance has stayed be- Lincissussnnnnainineneienaenenapmnainiaale — a eee : 
t lloys “Regi 
“a low $1000. 900°F 100° 570°F 100°F  900°F Ive alloys. Registered tracemark 
te Reboiler bottom head (iy The International Nickel Company, Inc. 
Ox 


This item, originally cast iron, is 
now 10% Inconel-clad steel made by 


4666 4646" 


INCO NICKEL ALLOYS 


67 WallStreet .A\. NewYork5,N.Y. 
INCO, 



































































































































































































































































































































































































































































































































































































































































































































CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


Directory of NACE Regional and Sectional Officers 


(Continued From Page 6) 
@ Pittsburgh Section 


S. H. Kalin, Chairman; U. S. Steel 
Research Lab., Monroeville, Pa. 


W. Maier, Vice-Chairman; Gulf 
‘Oil Corp., Pittsburgh, Pa. 
Grant Snair, Secretary; Allegheny 


— Steel Corp., Brackenridge, 


a. 

John Vrable, Treasurer; New York 
State Natural Gas Company, #2 
Gateway Center, Pittsburgh, Pa. 


@ Schenectady-Albany-Troy Section 


Dr. H. A. Cataldi, Chairman; Gen- 
eral Electric Company, Building 7, 
aaa Road, Schenectady, New 

or 


R. Clark, Vice-Chairman; Alco Prod- 


ucts, Inc., 1 Nott Street, Schenec- 
tady, New York 
S. L. Williams, Sec.-Treas.; SAR 


Auxiliary Syst em Desi n, 
Atomic Power La 
Bldg. 


Knolls 
b., Room 116, 
P-2, Schenectady, New York 


@ Southern New England Section 


E. A. Tice, Chairman; The Interna- 
tional Nickel Company, 75 Pearl 
Street, Hartford, Conn. 

Archer Hamilton, Vice-Chairman; 
The Hartford Gas Company, 233 
Pearl, Hartford 4, Conn 

William W. eee on Treas- 
urer; A. V. Smith Company, P. O 
Box 476, West Hartford, Conn. 


SOUTHEAST REGION 





John B. West, Director; Aluminum 
Company of America, 1800 Rhodes- 
Haverty Bldg.. Atlanta, Ga. 

foseph Frink, Chairman; Florida 
—* & Light Company, P.. ©. 

son 5800, Miami, Fla. 

Robert D. ‘Williams, Vice- Chairman; 
108 Cedar Lane, Charlotte 7, eC. 

G. M. Jeffares, Secretary-Tre: reasurer; 
Plantation Pipe Line Co.; O. 
Box 1743, Atlanta 1, Ga. 

John B. Paisley, Jr. i Ass’t. Secretary- 
Treasurer; American Tel. & ‘Tel. 

, 1534 Brown Marx Bldg., Bir: 
mingham, Ala. 


@ Atlanta Section 


Joseph A. Lehmann, Chairman; Elec- 
tro Rust- :Frsoting Corp., 3 Rhodes 
Center, N. W., Atlanta, Ga. 

C. Jay Steele, Vice et Steele 

Associates, Inc., 1008 Crescent 
Avenue, N. E., Atlanta, Ga. 


James P. McArdle, Jr., Secretary- 
Treasurer; American Telephone & 


Telegraph Company, 917 Hurt 

Building, Atlanta, Ga. 

@ Birmingham Section 

William W. Garrett, Chairman; 

1401 Bush Blvd., Birmingham, 

Ala. 

Ralph M. Cunningham, Vice- 
airman; Steele & Associates, 


Inc., 616 Carolyn Courts, Bis- 
cayne Highlands, Birmingham, 
Ala 

John B. Paisley, Jr., 
Treasurer; American Tel. & Tel. 
Co., 1534 Brown Marx Bldg., 
Birmingham, Ala. 

Marion M. Fink, Asst. Sec.-Treas. ; 
Tennessee Coal & Iron Div., 
U. SS. Steel Corp., Electrical 
7. P. O. Box 599, Fairfield, 

a. 


Secretary- 


@ Carolinas Section 


J. S. Livingstone, Chairman; Living- 
stone Coating Corp., P. O. Box 
8282, Charlotte, N. C. 

Ray Penrose, Vice-Chairman; Alumi- 
num Company of America, 1000 
Wachovia Bank Building, Char- 
lotte, N. C. 


Robert H. Gardner, Secretary-Treas- 
urer; Koppers Company, Inc., Tar 
Products Div., P. O. Box 1688, 
Charlotte, N. C. 


@ East Tennessee Section 


James A. McLaren, Chairman; Oak 
Ridge National Laboratory, Div. of 
Union Carbide Corp., P. O. Box P, 
Oak Ridge, Tennessee 


Frank A. Knox, Sec.-Treas.; Oak 
Ridge National Laboratories, 
UCNC, Building 4501, X-10, Oak 
Ridge, "Tenn. 


@ Jacksonville (Fla.) Section 


Arthur B. Smith, Chairman; Amer- 
coat Corporation, P. O. Box 2977, 
Jacksonville, Fla. 


Charles Carlisle, Vice-Chairman; In- 
dustrial Marine Service Co., Inc., 
P. O. Box 3641, Station F, Jackson- 
ville, Fla. 


John Hancock, Secretary-Treasurer; 
Electric & Water Utilities, Ci ay of 
———-. Utilities Bldg., S 

aura Street, Jacksonville, Fla. 


@ Miami Section 

Howard Bonebrake, Chairman; Alu- 
mium Co. of America, 1605 Alfred 
I. DuPont Building, Miami, 
Florida 

Harvey Sasman, Vice-Chairman; Sas- 
man Engineering Co., P. O. Box 
452, Miami, Florida 

John Burns, evertary Teenie; 
Florida Power & Light Co., P. O. 
Box 3311, Miami, Florida 


@ Ohio Valley Section 


R. S.. Dalrymple, Chairman; Engi- 
neering ———s Dept. Reyno ids 
Metals Co., P. O. Box ‘1800, ouis- 


ville, Ky. 

H. J. Smith, Vice-Chairman; Metai- 
lurgy & Ceramics Le Bl Ap 
pliance Park, Room 2: Bidg 
General Electric Company, Louis- 
ville, Ky. 

J.C. Klein, Secretary-Treasurer; 
Texas Gas Transmission Corpora- 
tion, P. O. Box 577, 423 W. ird 
St., Ownesboro, Ky. 


® ae Section 
George R. Lufsey, Chairman; 
nia Electric & Power Co., P. 

on 1194, Richmond, Virginia 

Murray S. Spicer, Vice-Chairman; 
The Chesapeake & Potomac Tele- 
phone Co. of Virginia, 703 East 
Grace Street, Richmond, Virginia 

Otis J. Streever, Secretary-Treasurer; 
Newport News Shipbuilding & Dry 
Dock Company, Newport News, 
Virginia 


SOUTH CENTRAL REGION 


Vir- 
oO. 


H. E. Waldrip, pvereer’ Gulf Oil 
Corporation, 5311 Kirby Drive, 
Houston, Texas 


5s ox Spalding, Jr., Chairman; Sun 
Company, Box 2880, Dallas, 
— 
J. A. Caldwell, Vice-Chairman; Hum- 
ble Oil & Refining Company, Box 
2180, Houston, Texas 


W. F. Levert, Secretary-Treasurer; 
United Gas Pipe Line Co., P. O. 
Box 1407, Shreveport, Louisiana 


Dan H. Carpenter, Asst. Secretary- 
Treasurer; Aquaness Dept., Atlas 
Powder Company, P. O. Box 8521, 
Oklahoma City, Okla. 


John W. Nee, Trustee-at-Large 


Briner_ Paint & Mig. Co., 3713 
Agnes Street, Corpus Christi, Texas 
@ Alamo Section 
Zane Morgan, Chairman; 814 E. 
Humphreys, Seguin, Texas 


Ransom L, Ashley, Vice-Chairman; 
United Gas ipe Line Com- 
pany, Box 421, San Antonio, Texas 

City 


C. Kneuper, Sec.-Treas.; 


J. 
Public Service Board, P. O. Box 


1771, San Antonio, Texas 


Carl M. Thorn, Trustee; South- 
western. Bell Telephone Com- 
pany, O. Box 2549, San 


Antonio, Texas. 


@ Central Oklahoma Section 
R. V. jomes, Chairman; University 
of Oklahoma, Norman, Okla. 


a Evans, Vice-Chairman; 2462 
1, Cue 37th’ Place, Oklahoma City 


Frank B. Seine, Secretary-Treasurer; 
Kerr McGee Oil Industries, ine. oy 


P. Sg Box 125, Wynnewood Okl 
Cc. C. Allen os <n 
Prichard Oil Corp. Liberty 
nk Bldg., Oklahoma City 2, 
a 


@ Corpus Christi Section 


Kenneth R. Sims, Chairman; Gas 
Division, Department of Public 
Utilities, P. O. Box 111, Corpus 
Christi, Texas 


William Taylor, Vice-Chairman; Gas 


Department, City of Corpus 
Christi, P. O. Box 1622, Corpus 
Christi, Texas 

Joseph L. Willing, Jr., Secretary- 
Treasurer; umble Pipe Line 


Company, P. O. Box 1051, Corpus 
Christi, Texas 


John P. Westerveldt, Trustee; Pon- 
tiac Pipe Line & Export Co., 
P. O. Box 1581, Corpus Christi, 
Texas 


@ East Texas Section 


B. G. Hustead, Chairman; East 
Texas Salt Water Disposal Com- 


any, P. O. Box 633, Kilgore, 
‘exas 
Gene E. Smith, Vice Chairman; 
1012 Bledsoe Street, Gilmer, 
Texas 


H. E. eee. —— Sun Oil 
Company, P. O. x 367, Carth- 
age, Texas 

Ike H. Hartsell, Treasurer; Treto- 
lite Company, P. O. Box 1181, 
Gladewater, Texas 

James C. Orchard, Trustee; Cardi- 
nal Chemical Company, SD 
Box 54, Longview, Texas 


@ Greater Baton Rouge Area Section 


Paul E. Weaver, Chairman; The Dow 
Chemical Company, Louisiana Di- 
vision, Commerce Building, Baton 
Rouge, La. 

Arthur H. Tuthill, Vice-Chairman; 


Valco Engineering, Inc., P. O. Box 


2918. Istrouma. Station, Baton 
Rouge, La. 

Donald C. Townsend, Secretary- 
Treasurer; Ethyl Corporation, P. 
O. Box 341, Baton Rouge, La. 

Robert M. Eells, Trustee: Esso 
Standard Oil Company, P. O. Box 
551, Baton Rouge, La, 

® Houston Section 

W. A. Wood, Jr., Chairman; Prod- 
ucts Research Service Inc., 3306 
Mercer, Houston, Texas 


C. B. Tinsley, Vice-Chairman; P. O 
Box 19393, Houston 24, Texas 

O. A. Melvin, Secretary-Treasurer; 
Carboline Company, P. O. Box 
14284, Houston 21, Texas 


Gaim L. Woody, Trustee; United 
Gas Corporation, P. O. Box 2628, 
Houston 2, Texas 


@ New Orleans Section 


William L. Vorhies, Chairman; Free- 
port Sulphur Company, Port Sul- 
phur, Louisiana 

Keith Ebner, Vice Chairman; The 
Texas Company, P. O. Box 7, 
Harvey, Louisiana 


E. D. Gould, Sec. 


Avenue, Metairie, 


OG. 13. 


Treas.; 409 Jade 


Louisiana 


Grosz, Trustee; The California 
P. O, Box 128, Harvey, 


Company, 
Louisiana 





@ North Texas Section 


Glyn Beesley, Chairman; Dallas 
ower & Light Company, 1506 
Commerce Street, Dallas, Texas 


E, J. Simmons, Vice Chairman; Sun 
Oil apeer, P. O. Box 2880, Dal- 


las, Texas. 
Don aa Sec.-Treas.; Otis Pressure 
\ tac. P. ©. Box 35206, Dal- 
io Tee 
Howard _ Greenwell, Ta Produc- 
tion Profits, Inc., 8912 Sovereign 
Row, Dallas, Texas. 


@® Panhandle Section 

J. W. Edminster, Chairman; Cabot 
Carvon Company, Box 1101, 
Pampa, Texas 


S. A. Evans, Vice-Chairman; jj M. 


uber Corp., Ist Street, uber 
Camp, Borger, Texas . 
A. Tinker, Secretary-Treasurer; 


Phillips Petroleum a Box 327, 
Phillips, Texas 

Jack R. St. Clair, Trustee; Dearborn 
Chemical Co., Box 35 ‘Whitedeer, 
Texas 


@ Permian Basin Section 


Jack Collins, Chairman; Continental 
Oil Company, P. O. Box 3387, 
Odessa, Texas 


Roscoe Jarmon, Ist Vice-Chairman; 
Cardinal Chemical Co., Box 2049, 
Odessa, Texas 


G. K. Harding, 2nd Vice-Chairman; 
Gulf Oil Corp., P. O. Box 362, 
Goldsmith, Texas 

Robert C. Booth, Sec.-Treas.; Plastic 
Applicators, Inc., P. O. Box 2749, 
Odessa, Texas 

John V. Gannon, Trustee; The Texas 
Company roduction Dept., Box 
1270’ Midland, Texas 


@ Rocky Mountain Section 


Paul W. Lewis, Chairman; Bureau of 
Reclamation, Denver Federal Cen- 
ter, Denver, Col. 


Herbert L. Goodrich, Vice Chairman; 
American Tel. & Tel. Company, 
810 - 14th Street, Denver, Col. 


B. K. Wheatlake, Sec.-Treas.; Dear- 
born Chemical Company, Equitable 
Bldg., Room 245, Denver, Col. 

John R. Hopkins, Trustee; Protecto 
Wrap Common” 2255 So. Delaware 
Street, Denver, Col. 


@ Sabine-Neches Section 


A. V. Wafer, a ae Ohmstede 
Machine Works, P. Box 2431, 
Beaumont, Texas 

Paul McKim, Vice-Chairman; Socony- 
Paint Products Company, P. O. Box 
2848, Beaumont, Texas 


John i. ies bo tt 
Oe 
701, sar ton exas 


E. N. Coulter, Trustee; Cities Sevice 
Refining Corp., Basic Refinery Lab- 
oratory, Lake Charles, La. 


@ Shreveport Section 


L. B. Irish, Chairman; Irish En; 
ing Service, 760 Dodd St., 
port, Lousisana. 


J. J. Wise, Vice Chairman; Arkansas 
Louisiana Gas Co., Box 1734 Shere- 


port, Louisiana, 


one Howell, Secertary; Tube-Kote, 
Inc. 700 Dodd, Shreveport, Louis- 


ineer- 


hreve- 


jana. 
R. P. Naremore, Treasurer; Arkansas 
Fuel Oil Corp, P; O. Box 1117, 
Shereveport, Louisiana. 


E. H. Sullivan, Trustee; United Gas 
Pipeline Co., 2302 Thornhill, Shreve- 
port, Louisiana. 


(Continued on Page 10) 
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Dallas 
ie 1506 
xas 
n; Sun 
0, Dal- 
ressure 
6, Dal- 
*roduc- 
vereign 
Cabot 
1101, 
i M. 
uber 
asurer; 
: oad, 
arborn 
edeer, 
nental 
3387, 
rman; 
2049, ‘i 3 7 ‘ . 
ment... with excellent acid, alkali, solvent resistance. ..fast curing. 
"362, 
hoon Ee] SEVERE CORROSION ¢ HEAVY TRAFFIC 
astic 
2749, For severe chemical conditions: splash, spillage, heavy chemical 
Tanah attack. Also for heavy foot and truck traffic. Non-skid properties. 
Box Long-wearing. 
SYSTEM: Prime coat—Phenoline 300 Orange 
Top coat—Phenoline 300 
pe Total Thickness (trowel): Ye inch 
pany, El severe CORROSION + LIGHT TRAFFIC 
init For severe chemical conditions, but little trucking or other heavy 
table traffic: e.g., beneath tanks and equipment. 
tecto SYSTEM: Prime coat—Phenoline 300 Orange 
ware Intermediate coat—Phenoline 302 
Top coat—Phenoline 300 
Total Thickness (brush or spray): 42 inch 
an 3 LIGHT CORROSION «¢ LIGHT TRAFFIC 
ay The economy coating for less severe conditions of corrosion and 
Box traffic. Non-skid properties. Easy to apply. Hard, tough protection. 
reas- SYSTEM: Prime coat—Phenoline 305 Primer 
Box Top coat—Phenoline 305 
vice Total Thickness (brush or spray): 25 mils 
Lab- 
FREE ... Sample panels of each system, on request. Write for 
complete details and recommendations for your service. 
a. ANNOUNCING NEW PHENOLINE CONCRETE PRIMER for damp concrete 
which cannot be completely dried prior to application. Provides a tight bond for 
nsas Phenoline top coats in all three systems. SALES OFFICES: 
jere- : 


Atlanta, Buffalo, Denver, Detroit, 
ote, Houston, Los Angeles, Mobile, 









New York, Pittsburgh, San Fran- 
cisco, Tampa, Tulsa, Toronto, other 
leading cities. 

117, : 

Gas 

eve- 


32-A Hanley Industrial Court 
ST. LOUIS 19, MO. 
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(Continued From Page 8) 


@ Teche Section 


Max I. Suchanek, yg District 
oa 4 yee Dowell, Inc., 
. Box 830, Lafayette, La. 


a R. DeRouen, Vice-Chairman; 
Union Oil & Gas Corp. of Louisi- 
ana; 2nd Floor Pioneer Bidg., Lake 
Charles, La. 


John D. Stone, Secretary; Sunray 
Mid-Continent Oil Company, Pro- 
duction Dept., P. O. Box 1265, Oil 
Center Station, Lafayette, La. 

Sam E. Fairchild, Treasurer; Texas 
Pipe Line Company, Box 1145, Oil 
Center Station, Lafayette, La. 


0.. L. O. Box 


a Lafayette, 
“a 


Bassham, Trustee; P. 
Oil Center Station, 


@ Tulsa Section 


Orville Everett, Chairman, Oklahoma 
Natural Gas Co., 624 So. Boston, 
Tulsa, Okla. 


Parke Muir, Vice Chairman, Dowell, 


Inc., P. O. Box 536, Tulsa, Okla. 


John H. Hoff, Secretary, Reilly Tar 
& Chemical Corp., 201 Enterprise 
Building, Tulsa, Okla. 


E. Himmelrich, Treasurer, Pitts- 
‘burgh Coke & Chemical Co., - 322 
Tri-State Insurance Building, Tulsa, 

kla. 


J. N. 
Pipe 
1979, 


Service 


Box 


Hunter, Jr., Trustee; 
Line Company, P. O. 
Tulsa, Oklahoma 
@ West Kansas Section 
G. H. Fanshier, Chairman; Corro 


sion Rectifying Company, R. R. 
2, Great Bend, Kansas. 


NACE Members 


oo 


Add 65c per package to the prices given for Book Post Registry to all addresses outside the United 


States, Canada and Mexico. 


NATIONAL ASSOCIATION of CORROSION ENGINEERS 


1061 M & M Bldg. 


~— Junkins, Vice Chairman; Cities 

ervice Oil Company, N. 
Main, Great Bend, Kansas. 

Ray Walsh, Sec.-Treas.; Aquaness 
Dept., Atlas Powder Company, 
1230 Grant Street, Great Bend, 
wea 

C. Koger, Trustee; Cities Serv- 
a Oil Company, Cities Service 
Building, Bartlesville, Okla. 


WESTERN REGION 


E. H. Tandy, Director; Standard 
Oil Company of California, Fr. ©. 
Box 97, El Segundo, Cal. 


E. F. Bladholm, Chairman; Southern 
California Edison Co., 601 W. 5th 
Street, Los Angeles, Cal. 


R. I. Stark, Vice Chairman; Pacific 
Gas & Electric Co., Dept. of Pipe 
Line Operations, P. O, Box 3246, 
Bakersfield, Cal. 


C. M. Schillmoller, Secretary-Treas- 
urer; The (nternational Nickel 
Company, Inc., West Coast Tech- 
nical Section, 538 Petroleum Bldg., 
Los Angeles 15, Cal. 


@ Central Arizona Section 

Harold B. Newsom, Chairman; 
Proofing, Inc., P. O. Box 
Phoenix, Arizona 


Rust- 
1671, 


William B. Lewellen, Vice-Chairman; 
Deer-O-Paints and Chemicals Ltd., 
P. O. Box 990, Phoenix, Arizona 

Ari- 

Box 


Secretary; 
P.O: 


Lee Homrighausen, 
zona Public Service Co., 
2591, Phoenix, Arizona 


Open Book 
Ke) 


3591 


PAGES 


of Technical Data 
on Corrosion 


629 articles and discussions written by 1056 au- 
thors. Alphabetical author and chronological title 


indexes. 


If You Are Interested in 
Corrosion Control You Need 


10-Year Index to CORROSION 


1945-54 


Non-Members 


POST 
PAID 


@ Los Angeles Section 


C. E. Hedborg, Chairman; Union Oil 
Company of Cal., Research Center, 
P. O. Box 218, Brea, Cal. 


J. I. Richardson, Vice-Chairman; 
Amercoat Corp., Firestone 
Blvd., South Gate, Cal. 


B. E. Black, Secretary-Treasurer; 
Plicoflex, Inc., 5501 Santa Fe Ave., 
Los Angeles 58, Cal. 


@ Portland Section 


R. V. Moorman, Chairman; 
ville Power Administration, P. 
Box 3537, Portland 8, Oregon 

John Van Bladeren, Vice-Chairman; 
a Gas & Coke Co., 132 

W. Flanders Street, Portland, 


ll 
William R. Barber, Jr., Secretary- 
patee: Electric Steel Foundry 
- a 2141 N. W. 25th Avenue, Port- 
an 


10, Oregon 


Bonne- 
oO. 


@ Puget Sound Section 

Robert T. Mercer, Chairman; 618 W. 
Highland Drive, Seattle 99, Wash. 

Norman H. Burnett, Vice-Chairman; 
230 South 187th Street, Seattle 88, 


Wash. 


Claude Cople 
Walter N. Bo 
Avenue, Seatt 


Secretary - Treasurer; 
ha Co., 2226 Elliott 
Wash. 


@ Salt Lake Section 


L. G. Haskell, Chairman; Salt Lake 
Pipe Line Co., P. Box 117, 
Salt Lake City, Utah 

Frank L. Pehrson, Vice-Chairman; 
P. . Box 1650, Salt Lake City, 
Utah 


by G. 


W. G. Handy, Sec.-Treas.; Reilly 
Tar & Chemical Corp., 408 Con- 
tinental Bank, Salt Lake City, Utah 


@ San Diego Section 


L. L. Flor, Chairman; 
Road, El Cajon, Cal. 


Kenneth R. Christy, Vice Chairman; 
Federal Housing Administration, 
601 “A” Street, Room 201, San 
Diego 1, Cal. 


R. C._ Tullis, 
5435 Gala Av., 


1036 Leslie 


Secretary-Treasurer; 
San Diego 20, Cal. 


@ San Joaquin Valley Section 


Robert L. Davis, Chairman; The 
Superior Oil Co., P. O. Box 1031, 
shereeld, Cal. 


Herbert E. Rose 
The Superior Oil C 
1031, Bakersfield, és 


Near Chairman; 
_ Fr © Ben 


J. A. Bessom, 
Richfield Oil Corp.; P. 
Bakersfield, Cal. 


Secretary-Treasurer; 
O. Box 147, 


@ San Francisco Bay Area Section 


B. Dotson, Chairman; Rockwell 
"Mfg. iO. . Nordstrom Valve Div., 
2431 Peralta Street, Oakland, Cal. 


J. P. Fraser, Vice Chairman; 39 
Claremont Drive, Orinda, Cal. 


B. A. Kronmiller, Secretary-Treas- 
urer; The Flox Co. Inc., oO. 
Box 296, Alameda, Cal. 
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In Coatings, Watch Epoxy 


New types of protective materials for prevention of 
external pipe corrosion—as well as new additions to 
old types—are vying for the attention of pipeline build- 















ers. 

Electrolytic corrosion, caused by currents emitted from 
pipe metal, is the chief enemy of engineers fighting €Xx- 
ternal pipe corrosion. This corrosion can be counteracted 
by halting the outflow of electricity. But there’s only one 
way to do that—by enclosing the pipe in a material that 
















































| Today, epoxy resins are rapidly growing a 
Wiauea the base for protective pipeline coatings. 











will not leave even minute parts of the pipe exposed, 
regardless of time and soil conditions. 

Although the protective coverings developed for pipe ae 
to date have many important advantages, no one has AND IN EPOXY 
come up with the perfect material—the one that will a 
eliminate such corrosion completely. (The “perfect ma- 
terial’ would differ according to the conditions of each . 
line.) 

Perhaps no one will ever come up with the perfect 
covering, but manufacturers are trying. 

Epoxy resin coatings are attracting a good deal of 
interest as external-corrosion preventives. 

Epoxy resin coatings are made from petroleum-derived ' 
materials. They're said to combine into one package many 
of the individual advantages of other coatings. BRAND 

One industry representative whose job it is to keep 
tabs on coating developments recently told PETROLEUM 
Week, “Within the next year or two, there will be marke 
improvement in epoxy resins [coatings], which could en- 
able them to replace some present hot-enamel-type coat- 

ings.” 

Coast Paint & Lacquer Co. came out with one late last 
year (PW—Dec.20’57,p46). The coating, applied hot, is 
said to be especially fast-drying. 
i £ the 11 associated companies called 
Copon Associates. The other companies, spread around 
the country, are now either already marketing, or getting 
ready to market, the epoxy coating Coast developed last 













EPOXY 






Why? Because they are so easy to apply 
efficient in operation, and economical vaniee 
the board. Epoxy resins bring lower costs in materi 

time, and maintenance. “~ 
















year. 

Pittsburgh Coke & Chemical Co., which has marketed 
a cold-applied similar coating, “Tarset,” for other industrial 
uses for a few years, is now making it available for pipeline 


application. 
Pitt Chem’s entry into the field of cold-applied epoxy 


resin pipeline coatings must certainly be taken as a sign O 

the times, because the company has for years been market- 
ing a hot enamel coating. Now “Tarset” is moving into 
direct competition with the older Pitt Chem coating 


product. 
“Tarset,” a coal tar epoxy resin which provides pro- 
tection in a temperature range from —30F to 400F, was 
recently applied on one system in Venezuela and is now 
ready for the U. S. market. 

Other companies are known to be in ex 


with similar epoxy type coatings. 
















For successful coatings both inside and 
outside petroleum pipes, BAKELITE 
Brand Epoxy Resins have been used in 
coe a wide range of demanding applications. 

e time to test them yourself, and learn at 
first hand how effectively they work. 








































pores COMPANY WILL HELP YOU find the best 
: va ings for your pipe by providing expert technical 
a For information and the names of suppliers 
Oo ni made with BAKELITE Brand Epoxy Resins 
write Dept. 1W-32L, Bakelite C 
t ‘ ompany, Division of 
nie see Corporation, 30 East 42nd Street 
ew York 17, N. Y. In Canada: Bakeli 
ew » N.Y. : Bakelite Compan 
Division of Union Carbide Canada Limited Cina z. 


BAKELITE @ur 


Protect pipelines with coatings based on 
cas CARBIDE 


PLASTICS 


Th 
e terms BAKELITE and Union Cansine are registered trade-marks of UCC. 













perimental stages 























CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


GRADES AND PACKAGES 


Technical 
Granular 
(99.8% pure) 






CP Granular 
(99.9% pure) 


69-70% 
(Solution) 









Paper bag 
100 Ib net 








Burlap bag 
(Triotex) 
100 ib net 


pick 
the grade, 
orm and package 
you need 


of 


MUTUAL SODIUM BICHROMATE 


In the Mutual line of chromium chemicals 





Fiber Drum 
400 Ib net 














Steel Drum 
100 Ib net 





requirements. Mutual technical service men 























there is a grade, form and package of each 
product that’s right for you. 

For example, Mutual Sodium Bichromate is 
available in both Technical and C.P. grades, 
in granular and solution form, and a variety 
of packages to insure the most efficient and 
economical application to your processing 


can help you choose wisely — and aid in apply- 
ing the product to your process. 

In an emergency, your order for any Mutual 
product can be in transit in a matter of hours 
after it is placed. This is typical of Mutual 
service, backed by over 100 years as America’s 
first producer of chromium chemicals. 






SOLVAY PROCESS DIVISION 
Allied Chemical Corporation 
Dept. 11, 61 Broadway, N. Y. 6, N. Y. 


Mutual 


Sodium Bichromate 
Sodium Chromate 
Chromic Acid 


chromium chemicals 


Potassium Bichromate 
Potassium Chromate 
Ammonium Bichromate 


Please send y Bulletin 52, “C i 
Snesevnsenaainabiibiidiaies C] Please send your Bulletin 52, “Chromium 


Chemicals,” by return mail. 


C] Please have a representative call. 








SOLVAY PROCESS UT=ye) NAME sian ee cannes 
DIVISION i. ° | : a 
61 Broadway, New York 6, N.Y att COMPANY ——— 
STREET = = 
MUTUAL chromium chemicals are available through dealers and erry wens eerie 


ee ee SE eS ee SS ee ee ee ee ee ee 


SOLVAY branch offices located in major centers from coast to coast. 
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Because exceptional resistance to corrosion is needed... 


57 miles of Rome Synthinol 901 building wire 
installed in just one major oil refinery 


Under actual working conditions at a 
major oil refinery in Southern Cali- 
fornia, Rome’s Synthinol 901 outper- 
formed every other building wire 
tested. The other wires included regu- 
lar TW, neoprene-covered, and braided 
rubber-insulated building wires. Lead- 
covered wire was also tried; and it was 
entirely satisfactory except for the ex- 
cessive cost and handling problems. 

Rome’s Synthinol 901 was used ex- 
tensively for the low-voltage wiring 
in this refinery because of its proven 
resistance to moisture, oil, and corro- 
sive vapors — environmental hazards 
common to refinery operations. These 
low-voltage applications — 600 volts 
and under—include not only control 
circuits but also the general wiring of 
office and warehouse buildings and re- 
finery equipment. 


Plant and oil refinery engineers have 
also found that Synthinol 901’s supe- 
rior heat deformation resistance makes 
it particularly applicable in locations 
where greater than normal heat con- 
ditions exist. In fact, it’s now being 
used in place of Type TA asbestos- 
covered wire in panel boards and 
switchboards where high temperatures 
are known to occur. Rome’s Synthinol 
901 has proven to be an entirely satis- 
factory and economical solution to the 
exacting demands of this type applica- 


tion. Try Rome’s Synthinol 901—under 
your own operating conditions—and 
see for yourself how well it performs. 
Youll find it’s ideal for low-voltage 
circuits in refineries, chemical plants, 
and similar installations where elec- 
trical wiring is exposed to corrosive at- 
mospheres. 

Specify Rome’s Synthinol 901 for 
your next job. Contact your nearest 
Rome Cable representative for more 
information—or write to Dept. 321, 
Rome Cable Corporation, Rome, N. Y. 


ROME CABLE 


S oo & 


Y Oo 6©hlUR FT 
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No matter what the 
application . . . 


STANDARD HIGH CURRENT 
ANODES PRODUCE 502 
MORE CURRENT THAN 

CONVENTIONAL ANODES 


Because of lower circuit resistance, FOUR Standard 
Magnesium HicH Current anodes will give the 
same protection as six conventional anodes. And 
this is accomplished without sacrificing current ef- 
ficiency because Standard’s HicH CurreNnT anodes 
are made from H-1 alloy magnesium. This is the 
alloy proved in thousands of installations as the 
alloy offering greatest protection. 





Lower circuit resistance permits a more econom- 
ical delivery of current to the installation to be 
protected. In other words, with Standard’s HicH 
CuRRENT anode you get more ampere hours of pro- 
tection per pound of metal consumed .. . plus 50% 
more current output and protection than with con- 
ventional anodes. 


The only way to get full protection and a full 
return for each dollar invested — is to insist on 
Standard’s HicH Current anodes. Available in a 
wide variety of sizes. 





For complete information describing advantages of 
HicH CurrENT anodes write for FREE booklet BH 58 


QUALITY AND DEPENDABILITY THROUGH RESEARCH 


Standard '\Vlagnesium 
» Corporation 


TULSA, OKLAHOMA 





MAGNESIUM INGOT e MAGNESIUM ANODES ° MELTING FLUX 
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YOU ARE LOGKING 
AT ONE THING 


Covision 


CAN’T TOUCH 















It is a sheet of Tygon plastic. Flexible 
enough you can fold it in your hand. Tough 
enough to outwear leather many times over. 
It shrugs off with equal ease — both 
acids and alkalies. 












How is it used? In many ways. In 
sheet form as a protective lining for 
tanks containing corrosive chemicals; or 
as gasketing in critical sealing operations. 
Far more resistant to chemical attack than 
rubber, far easier to install, Tygon possesses 
the unusual property of being neutral, 
neither affecting nor affected by the 
vast majority of industrial chemicals. 



















As tubing—in bores ranging from 

1/16” to 3’”—Tygon pipes acids, alkalies, 
pharmaceuticals, beverages, milk, liquid 
foods, blood plasma—highly critical and 
sensitive solutions—in perfect safety. Glass 








WRITE FOR THIS FREE 
TYGON PORTFOLIO 

Detailed technical data on the use of Tygon in 

its various forms, arranged in a convenient 

reference binder. 

Address: The U. S. Stoneware Company 













clear, flexible as a piece of string, Tygon Tubing Plastics and Synthetics Division 
is the standard of research laboratories the yoo ry feA 
world over. Ask for the TYGON PORTFOLIO. 





PRODUCT OF 


As a liquid Tygon serves both as a paint and as 


a dip coating. Applied by brush or spray, it protects 
metals and concrete from attack by acid fumes. a We 







Tygon molds as readily as rubber, and in this STONEWARE 
form extends its protective qualities over an Akron 9, Ohio 
almost unlimited range of intricate shapes. / 







If corrosion is a problem to you — 
Tygon may prove the perfect answer. 







376D-1 Tygon is @ registered Trade Mark of The U. S. Stoneware Co. Plastics and Synthetics Division 
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COREXIT prevents sub-surface corrosion, 
saves up to $1,000 a year per well 


Field experience shows that the 
use of Humble’s COREXIT in 
pumping wells costs so little com- 
pared to the expense of well-pulling 
jobs and the cost of replacing 
broken rods, pumps and corroded 
tubing, that annual savings up to 
$1,000 per well are not unusual. 


The initial) COREXIT treatment 
cleans up your sub-surface equip- 
ment, displacing corrosive brine 
and loose scale from metal sur- 
faces. Then it builds up a tenacious 
and lasting protective film on these 


cleaned metal surfaces to prevent 
further corrosion and hydrogen 
embrittlement. The continued use 
of a small amount of COREXIT 
will maintain this tough protective 
film. Thus COREXIT lowers your 
lifting costs and improves operat- 
ing efficiency by prolonging the 
life of your equipment and reduc- 
ing the number of well-pulling 
jobs. 


COREXIT is readily available at 
Humble wholesale plants through- 
out Texas and New Mexico. 


HUMBLE OIL & REFINING COMPANY 


e For complete informa- 
tion on COREXIT, call 
your nearest Humble 
wholesale plant in Texas 
and New Mexico, or 
phone or write: 


Humble Oil & Refining Company 
Sales Technical Service 

P. 0. Box 2180 

Houston 1, Texas 


In Oklahoma & Kansas 
write: 

Pet-Chem, Inc. 

Mayo Building 

Tulsa, Oklahoma 


In Illinois, Indiana & 

Kentucky write: 

— Chemical Company, 
nc. 

Mt. Vernon, Illinois 


i se lik a s n g a 
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NEW WEAPON AGAINST CORROSION! 














Drums for corrosive materials use this valve 
assembly—molded.in three parts: plug, spigot 


and fitting—made entirely of Fortiflex 





Delaware Drum Valve is an 
anti-corrosion design improvement 


Fortiflex is the latest way to take care of many old corrosion 
problems. A new, high-density, linear polyethylene, it has all 
the advantages of ordinary polyethylene as a weapon against 
corrosion, but importantly adds new heat-resistance— and many 


possible economies. 


In molded form, Fortiflex can make rigid pipe for transporting 
hot fluids; fittings, carboys, drums, bottles; closures; housings 
of various kinds. In sheets, it can be used to form welded tanks. 


vats. splash aprons, ducting. As film, it can make excellent drum 


Fortiflex....a C SePauese plastic 


( 


adian Affiliate: Canadian Chemical Co., Limited, Montreal, Toronto, Vancouver. 
F port Sales: Amcel Co., Inc., and Pan Ameel Co., Inc., 180 Madison Avenue, N. Y. 16 


and tank liners, protective clothing, floor and wall coverings. It 
is of interest for all sorts of chemical and petroleum process 
equipment; natural gas transmission pipe lines; marine and 
water supply applications; and dozens of other applications 
where corrosion has historically posed problems. 

For more information about Celanese Fortiflex, its anti-corrosion 
properties, and the names of fabricators and other suppliers of 
products made of Fortiflex, just use the coupon below, indicating 


what types of applications you are interested in. Celanese® Fortiflex® 


Celanese Corporation of America, Plastics Division, 
Dept. 113-S, 744 Broad Street, Newark 2, N. J. 


Please send me more information on [] Fortiflex as a new weapon 
against corrosion; [] Present corrosion applications of Fortiflex, 
and suppliers. Type of application I’m interested in is 


ONIN accscorinicienainsinatcei nce ceeded 
Company 
Address 


City 
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Designed for performance 
Lined for permanence 


... With Teflon? at its best 


STREAMLINED 
Smooth bends and seam- 
less liner of special Teflon 
in elbows, tees and reduc- 
ers mean a minimum of 
turbulence and disrupting 
back pressure. 


SPACE-SAVING 

ASA short radius housings 
keep pipe runs compact, 
give tight turns in close 
quarters. 


Universally inert, corrosion-proof fittings are 
ideal for service to 500°F with virtually all known 
chemical and corrosive solutions. Liners are of 
Fluoroflex®-T...a special, high density, non-porous 
compound of Teflon. 


Inherent thermal equilibrium between housing 
and liner is achieved by an exclusive Resistoflex 
process which compensates for the expansion- 
contraction differential... prevents collapsing or 
cracking of liner. 


Non-contaminating components eliminate possi- 
bility of spoilage. Contact with metal is prevented 
by the liner which also extends over the full gas- 
ket face of flange. 


MAINTENANCE - 
FREE 
Chemically inert, non- 
porous, one-piece 
liner is in thermal 
equilibrium with 
housing. 


ECONOMICAL 

Strong, ductile iron housings and 
completely corrosion-proof liner 
give permanent fitting life—elimi- 
nate replacement costs. 


Ductile iron housings combine corrosion resist- 
ance of gray cast iron with strength of steel — 
save maintenance and downtime. 


Useful in any standard system; fittings are 
compatible with any flanged metal, ceramic, plastic 
or lined piping system in current use. 


Send for data on Fluorofiex-T Type S pipe and 
fittings for complete piping systems. RESISTOFLEX 
CORPORATION, Roseland, N. J. Other Plants: Bur- 
bank, Cal.; Dallas, Tex. Dept. 119 


Fluoroflex is a Resistoflex trademark, reg., U.S. pat. off. 
Teflon is DuPont's trademark for TFE fluorocarbon resins. 


Complete systems 


for corrosive service 


RESISTOFLEX 
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Semmes CORROSIONEERING WITH LAMINAC™ 


Nine months 

in formaldehyde — 

tank’s lining 
like new! 


ise 


Just look at the lining of this 200,000-gallon tank! Nine 
months in storage service with notoriously corrosive form- 
aldehyde—and not a sign of bleaching, cracking, blister- 
ing, pitting or pulling away from the concrete wall! 


The lining is glass cloth and LAMINAC Polyester Resin 
4109, with a clear finish coat of LAMINAC Resin 4111. It 
replaced a vinyl-based lining on May 20, 1957. Service 
life of the original lining had been shortened to the point 
where the underlying concrete was deteriorating, and 
contaminating and discoloring the formaldehyde. Yet 
nine months after installation of the plastic lining, the 


AMERICAN CYANAMID COMPANY 


PLASTICS AND RESINS DIVISION 
31 Rockefeller Plaza, New York 20, N. Y. 


in Canada: Cyanamid of Canada Limited, Montreal and Toronto 


POLYESTER RESINS 


closest inspection revealed no flaw—not even along the 
top where it meets the unlined concrete ceiling. 

The reinforced LAMINAC lining is expected to last in- 
definitely. Therefore, a second 200,000-gallon tank will 
soon be likewise lined with LAMINAC to withstand the 
corrosive action of the 37% formaldehyde solution kept 
at 90° F. 

If you have a tough corrosion problem, reinforced 
LAMINAC may well be the answer. For details or 
technical assistance, get in touch with any Cyanamid 
office listed below. 


EC ¥ANAM ID og 


and Resins 
imi Rae tro ta! 


Offices in: Boston * Charlotte * Chicago « Cincinnati * Cleveland « Dallas « Detroit * Los Angeles » New York * Oakland « Philadelphia « St. Louis + Seattle 














OFFICERS and DIRECTORS 
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OFFICERS 


PONY Soret eee ne L. L. WHITENECK 
Plicoflex, Inc., Los Angeles, Cal. 
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Inquiries regarding membership, and all general correspondence should be directed to 







the Executive Secretary at the administrative headquarters of the National Association of 





Corrosion Engineers at 1061 M & M Building, No. 1 Main Street, Houston 2, Texas. 
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Columbia Gas System Service Corp., Columbus, O. 





and research association of individuals and companies concerned with 








corrosion or interested in it, whose objects are: 









(a) To promote the prevention of corrosion, thereby curtailing economic waste and con- 








serving natural resources. y 
9g Representing Corporate Membership 
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Metal Goods Corporation, Houston, Texas 
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Production Profits, Inc., Dallas, Texas 





(b) To provide forums and media through which experiences with corrosion and its prevention 








may be reported, discussed and published for the common good. 












(c) To encourage special study and research to determine the fundamental causes of 










corrosion, and to develop new or improved techniques for its prevention. 














(d) To correlate study and research on corrosion problems among technical associations to 








reduce duplication and increase efficiency. 




















(e) To promote standardization of terminology, techniques, equipment and design in cor- 





rosion control. 






Representing Regional Divisions 
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(f) To contribute to industrial and public safety by promoting the prevention of corrosion 









as a cause of accidents. Standard Oil Co. of California, El Segundo, Cal. 
DOCG os ciel tec eee (Southeast) 1957-60 

(g) To foster cooperation between individual operators of metallic plant and structures in Aluminum Company of America, Atlanta, Ga. 
the joint solution of common corrosion problems. Fi 1B. COSTANZO. 05.6.4... ... (Northeast) 1957-60 
Manufacturers Light and Heat Co., Pittsburgh, Pa. 
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Gulf Oil Corporation, Houston, Texas 
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Winnipeg Pipe Line Company, Ltd. 
Winnipeg, Manitoba 


industries and governmental groups as well as between individuals and corporations. 









It is an incorporated association without capital stock, chartered under the laws of Texas. 
Its affairs are governed by a Board of Directors, elected by the general membership. 





Officers and elected directors are nominated by a nominating committee in accordance with 

















the articles of organization. Election is by the membership. Directors Ex Offici 
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H. C. VAN NOUHUYS, Chairman Regional 
Management Committee 
Southeastern Pipe Line Co., Atlanta, Ga. 














E. P. NOPPEL, Chairman Policy and Planning 
Committee 
Ebasco Services Inc., New York, N. Y. 





Advertising and Editorial Offices of CORROSION 


Address all correspondence concerning advertising, circulation and editorial 
matters relating to CORROSION to the NACE executive offices, 1061 M & M 
Building, Houston 2, Texas. Inquiries concerning and orders for reprints of 
technical information published in CORROSION should be sent to this addres: 
also. 
















R. S. TRESEDER, Chairman Publications Committee 
Shell Development Co. 
Emeryville, Cal. 

E. C. GRECO, Chairman Technical Practices 


Committee 
United Gas Corp., Shreveport, La. 





= a a a 





NECK 


DARD 


gston, 


SNER 


HULL 


58-59 


58-61 


57-60 


57-59 


7-59 


1, ©; 


8-61 


8-61 


7-60 


7-60 


6-59 


3-61 
cal, 
’-60 
-60 
Pa, 
59 
59 


59 


‘ee 














Introduction 


SERIES of laboratory and plant 

tests were conducted recently to 
find suitable materials of construction 
to handle both chlorine gas being dried 
by sulfuric acid and sulfuric acid satu- 
rated with chlorine. In these tests, 50 
percent sulfuric acid and 87 percent 
sulfuric acid were used inasmuch as 
they corresponded to particular plant 
conditions in the drying of chlorine. 


The corrosion data in Figure 1 show 
the results of a laboratory test in which 
commercially pure titanium A-70 was 
tested in 50 percent sulfuric acid satu- 
rated with chlorine-air mixtures. Sam- 
ples of commercially pure titanium A-70 
were immersed in wide mouth bottles 
which held the sulfuric acid. One sam- 
ple totally was immersed in the acid, 
one sample partially immersed and one 
sample exposed in the vapor phase. 


Mixtures of chlorine and air were 
introduced into the sulfuric acid with a 
diffuser which bubbled the gaseous mix- 
ture through the acid. The gaseous 
mixture ranged from 100 percent air to 
100 percent chlorine with particular in- 
terest being directed to the high chlorine 
and the high air percentages. The gas- 
eous composition was determined by a 
modified Orsat apparatus with pressure 
regulators and flowmeters being located 


* Wyandotte Chemicals Corp., Wyandotte, 
Michigan, 


TABLE 1—Plant Test Results (132 Days 
Exposure* ) 


Corrosion 


MATERIAL Rate, MPY 





Hastelloy C Wrought (annealed 0.5 
Hastelloy C as welded...... 0.5 
Hastelloy C—welded & annealed.. 1.6 
Titanium A-70—welded..... 0.1 
Titanium B-110-Mo eek 3.9 
Hastelloy B—welded ; > 208. 
sample missing 
Hastelloy B—welded & annealed > 206. 


sample missing 


* Samples were exposed to 50 percent HeSO1 
saturated with 95 percent Clz—5 percent air having 
4 ft./sec. velocity at 80 F. 
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Corrosion of Titanium 
In Sulfuric Acid and Chlorine 


By L. W. GLEEKMAN* 


on the chlorine and air sources. The 
gaseous mixture was added to the acid 
solution for eight hours continuously 
during the day; the bottles were then 
closed off to the atmosphere over night. 
The test ran for two weeks at room 
temperature. 

Figure 1 clearly shows the influence 
of small amounts of chlorine on the 
corrosion of titanium in 50 percent sul- 
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furic acid in that 5 percent by volume 
of chlorine in the gaseous mixture re- 
duced the corrosion rate of titanium 
approximately 100-fold. Larger additions 
of chlorine did not substantially reduce 
the corrosion rate. 


Results of Plant Tests 
This information has been verified in 
plant tests where titanium and other 
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Figure 1—Corrosion rate of titanium in 50 percent sulfuric acid, saturated with chlorine—air 
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TABLE 2—Laboratory Test Results (Complete Immersion——3 Days’ Exposure) TABLE 3—Plant Test Results (79 Days 


i Se Exposure* ) 
CORROSION RATE—MPY 








Durimet Hastelloy | Type Corrosion 
Steel 20 | Cc | Monel 316 MATERIAL Rate, MPY 


@ H2SOs saturated with chlorine ; ; 1600 127 3. 35. 175 Hastelloy C—wrought (annealed). 
©» H2SOs saturated with nitrogen a 200 | 0.5 2; ES | 379 Hastelloy C—as welded. . 
© H2SOs saturated with air...... ieee ie 2980 2.6 we 9 526 Hastelloy C—welded & annealed. . 
¢ H2SOs saturated with chlorine MRS 24.8 <0.1 6 32.6 |} <0.1 Titanium A-70—welded col 1.9 
@ H2SOs saturated with nitrogen a 26.7 <0.1 ; | 0.2 (crevice attack 
@ H2SOs saturated with air oe 28.3 6 27.: 0.2 evident) 
Type 316 wrought ratte --| 0.1 
a = ; —————— ———— — Monel : re > 107. 
(sample missing) 
Carpenter 20 | a4 
2 Steel 5 a Saran | >52. 
metals were exposed to 50 percent sul- The information in Table 2 was re- por missing) 
furic acid saturated with chlorine. The evaluated in a plant test (See Table 3), $ ———————_—_—_——_——_——_——_ 
data shown in Table 1 were determined In this case a test spool of various Samples were exposed to 87 percent H2SOs satur- 
on samples directly exposed in the dry-. materials was exposed to flowing 87 ee percent Clz—5 percent air having 6 ft/ 
c ; , J A a s . sec. velocity at 70 F. 
ing acid lines, such that the velocity percent sulfuric acid saturated with " 
of acid past the samples was approxi- chlorine (essentially 95 percent chlorine, 
mately 4 feet per second. 5 percent air) flowing at a velocity of 
The results in Table 2 were obtained 6 feet per second. The suitability of TABLE 4—Plant Test Results (300 Days 
in a similar fashion to the information Hastelloy C and Type 316 stainless is Exposure* ) 
shown in Figure 1, with the difference evident in this case. Samples whose : a 
that (1) metals other than titanium corrosion rate is reported as greater | 1@eemnaians 
were evaluated, (2) two acid strengths than a given figure were missing at the MATERIAL | Rate, MPY 
were used, and (3) instead of air-chlo- end of the test: the corrosion rate is a 
ea : ie: 100 eis “hl ine, 100 h: aac ling _ lete oxepctnt Hastelloy C wrought | 0.1 
rine mixtures, percent chlorine, 10 that corresponding to complete penetra- Haynes No. 25 wrought y | <0.1 
percent nitrogen and 100 percent air tion at the duration of the test. Titanium A-70 ; paint > 39.1 © 
were used to saturate the acid. The An interesting side-light is brought |(sample missing) 
influence of aeration on the sulfuric out in Table 4 where the exposure of : 
acid is particularly seen in the corrosion three metallic samples to partially dry Samples were exposed to partially dry chlorine gas 
of the steel and the Type 316 stainless Chlorine gas with entrained sulfuric acid with entrained 87 percent H2SO4 having 12 ft/sec 
: is shown, based on a 300 day test. In Velocity at 70 F. 
this case, the sample of titanium was 
completely missing, verifying the re- The passivating effect of chlorine in 
eb hse 2 TI al itabili ported catastrophic deterioration of ti- the presence of water (relatively dilute 
in corrosion rate. The overall suitability tanium in dry chlorine. Hastelloy C and _ sulfuric) is the apparent mechanism 
of Hastelloy ( 1S clearly established for Haynes Alloy No. 25 were exceptionally which retards the corrosion of titanium 
all three saturating gases. suitable in this environment. in the sulfuric acid. 


steel. The absence of air and chlorine 
(due to nitrogen-saturation) has in many 
cases produced an appreciable reduction 
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Introduction 
( ORROSION of equipment used in 


the production of gas condensate 
wells was recognized as a problem of 
economic significance as early as 1944. 
Through the study of this problem, much 
basic data were obtained which later were 
applied to control corrosion of other pro- 
duction equipment in the petroleum in- 
dustry. 

Through the years, the methods and 
means of controlling corrosion have 
changed to a degree. It is probable, 
though, that an even greater change has 
occurred in the gas condensate wells. In 
the last few years, deeper drilling has re- 
sulted in gas condensate production with 
surface pressures in the 10,000 psi range 
and bottom hole temperatures of 300 F. 
Safe completion and production of this 
type of well is of utmost importance to 
the operator. Corrosion is recognized as 
an ever present danger to the structural 
members of these wells, and the means and 
methods of controlling corrosion must be 
successful. Thus it is clear that a review 
of the basic data is in order. 


History 

Much of the original work in the field 
of gas condensate well corrosion was ac- 
complished by the Natural Gasoline Asso- 
ciation of America Condensate Well Cor- 
rosion Committee. This group published a 
book, ‘‘Condensate Well Corrosion” in 
1953, which summarized the committee’s 
findings. This book has been one of the 
corrosion engineer’s most used references. 
Each of several aspects of the problem 
was given attention in a chapter of the 


book. 


Economics 

Zajac’ presented data indicating that 
average uncontrolled corrosion costs were 
$4.27 per million cubic feet equated to 
the 1951 dollar value. Also, the average 
cost of chemical inhibition ranged from 
$0.03 to $1.62 per million cubic feet. 
These data influenced the industry to 
control corrosion and participate in the 
benefits. 


The 1958 dollar value undoubtedly 
would change the numerical value of the 
uncontrolled corrosion cost, but it is be- 
lieved that due to improved techniques and 
stable prices of inhibitors the cost of con- 
trolling corrosion has not increased pro- 
portionally. The average cost of inhibiting 
gas condensate wells is less than $1.00 
per million cubic feet for some oper- 
ators. 


Criteria of Corrosiveness 

Reliable means of detecting corrosive 
wells prior to any extensive damage to 
equipment have been and are in constant 
demand. Bilhartz and Greenwell* have de- 
scribed the consideration of visual in- 
spection, analysis of gas for carbon diox- 
ide content, determination of wellhead pH, 
analysis of produced water for iron con- 
tent and organic acids, coupon exposure, 
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tubing caliper surveys, and study of a 
well’s physical condition. These means of 
detecting corrosion have been used and 
when all or several are used, the reliabil- 
ity is of a high order. 

The same criteria often are applied to 
determine the degree of control being ex- 
perienced. The analysis of condensed water 
for iron content is often used in this con- 
nection. Another factor worth considering 
is fluctuation. When fluctuation of iron 
content occurs, for example from 20 ppm 
to 100 ppm, even if the average value is 
less than 50 ppm, the corrosion attack may 
be severe. Caliper surveys have indicated 
best protection of inhibited wells when 
iron contents do not vary over +5 ppm. 


In the study of the physical condition 
of a well, the decision often must be made 
as to whether mass or linear velocity has 
the greater effect on corrosion rate. This 
question often is resolved by designing 
for the lowest practical linear velocity, 
with the thought that this is the safest 
practice. At this time, the function of ve- 
locity in corrosion attack needs to be re- 
solved because of (1) reports of the lack 
of success using inhibitors in wells pro- 
ducing over 5 million cubic feet per day 
in 2-inch or 2%4-inch tubing,* (2) the use 
of 1%-inch “spaghetti” tubing in the 
completion of wells with the higher 
tubing pressures." 


Tubular Goods 

In the completion of a gas condensate 
well the operator has the choice of J-55, 
N-80, P-105, or P-110 grades of carbon 
steel tubing. Laboratory studies indicate 
that the susceptibility of these materials to 
corrode increases in the order listed. In 
the higher pressure wells, use of one of 
the latter three grades is almost a neces- 
sity, depending upon safety factors. This 
fact places the higher pressure wells in 
a position of being more likely to experi- 
ence corrosion damage. 

In sour gas condensate service, the use 
of J-55 is deemed desirable unless special 
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Abstract 


The present status of corrosion control 
in gas condensate wells is summarized 
and compared with information reported 
from other sources. Emphasis is placed 
on the “super” high pressure condensate 
well with shut-in pressure in excess of 
5000 psi. 

_ The following methods of applying 
inhibitors in gas condensate wells are 
reviewed: sticks, liquid lubricators, 
chemical pumps and pump trucks, dump 
bailers, chemical injection valves in the 
tubing, bottom hole chemical pumps, 
bottom hole chemical injectors, and chem- 
ical squeezes. Data are given showing 
the relationship between well completion 
method and corrosion control practices 
used. Other topics discussed include 
economic considerations, criteria of cor- 
rosiveness of wells, and selection of tubu- 
lar goods. 8.4.3 


heat treatment is given to N-80. A slight 
reduction of safety factors is sometimes 
in order due to J-55 being less susceptible 
to sulfide stress corrosion cracking. Use 
of tapered strings has improved safety 
factors and allowed the use of J-55 to 
depths of 12,000 ft. 


Alloy tubing has been used with success, 
although control of manufacture ap- 
pears to be critical. Some operators 
have both 9 percent Cr and 9 percent 
Ni tubing in service and have experi- 
enced a minimum of difficulty with 
these materials. However, other opera- 
tors have experienced cracking failures 
with these materials.® 

Plastic coated tubing of all grades is 
available. The baked coatings being ap- 
plied are phenolic, epoxy, modifications 
of epoxy and phenolic, phenolic with 
an epoxy overlay, and polyurethane. 
Each coating has advantages and dis- 
advantages and should be selected for 
the best advantage according to environ- 
ment. The cost of coated tubing is 
presently reduced, and some operators 
are coating and using inhibitors in the 
same well. The main disadvantage to 
coating tubing is that there is no en- 
tirely desirable means of determining 
the performance of the coating before 
visual examination can be made or fail- 
ure occurs. 


Inhibitors 

Inorganic and organic inhibitors are 
being used in the treatment of gas con- 
densate wells. However, organic inhibi- 
tors were found by W aldrip® to be most 
popular. Application of inorganic in- 
hibitors has been decreased due to the 
teridency to cause plugging, a minimum 
lasting effect, danger to personnel in 
handling, and pollution problems. 

Numerous commercially available ma- 
terials of the organic type are being 
used today. Application and environ- 
ment apparently control the degree of 
success these materials enjoy. The most 
common problem encountered is emul- 
sification of the well effluent. These 
problems often can be solved without 
sacrificing corrosion control. 


Application of Inhibitors 
The manner in which inhibitors are 
used depends upon well completion. 
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Completion Method 


Parallel Strings—Dual Completion 
Concentric Strings 
Single Strings—-Carbon Steel 


Single Strings—Alloys 


Wells with an annulus available to con- 
duct inhibitor solutions are generally 
considered to be more easily treated. At 
the present time, super high pressure 
and multiple string parallel completions 
are being made. Supplying an annular 
space for such wells is either very ex- 
pensive or impractical. ; 
These are presently available the fol- 
lowing means of applying inhibitors in 
gas condensate wells. 
1. Use of sticks 
2. Use of liquid lubricators 
3. Use of chemical pumps and pump 
trucks 
4. Use of dump bailers 
5. Use of chemical injection valves in 
the tubing 
6. Use of bottom hole chemical pumps 


7. Use of bottom hole chemical in- 
jectors 

8. Use of chemical squeezes 

Stick inhibitors are available from 
most inhibitor companies at varying 
specific gravities and melting tempera- 
tures. These sticks are lubricated into 
the well and allowed to fall in the tub- 
ing. This method has been effective in 
some wells. In others the sticks have 
not fallen to the bottom of tubing, have 
not fully melted, thus resulting in 
plugged chokes, etc., and/or have caused 
the tubing to be restricted. This appli- 
cation is used almost entirely on wells 
with the annulus unavailable to conduct 
inhibitor solutions. 

Lubricators on the other hand are 
used on wells that have the annulus 
open to conduct liquid inhibitors. IJn- 
hibitor solutions are allowed to fall 
through the annulus by gravity to the 
bottom of the tubing, and are produced 
in the tubing to give protection. This 
means is one of the oldest methods of 
introducing inhibitors. 

Chemical pumps are used in place of 
lubricators on some wells where the 
annulus is open and continuous injec- 
tion is desired. Truck mounted chemical 
pumps are used to treat wells with 
either closed or open annului. In the 
case of the closed annulus, the well is 
shut in and 20 to 40 gallons of inhibitor 
solution are pumped in the tubing. The 
assumption is made that the solution 
will fall to the bottom in a reasonable 
time. The use of pump trucks reduces 
investment for injection equipment if a 
number of wells can be serviced. Usually 
a corrosion control man is assigned the 
job of operating the truck, and the 
scheduling of treatment is more reli- 
able than when the lease operator is 
given the added duty of applying in- 
hibitor. The shut-in time associated with 
pump truck treatment sometimes causes 
contract gas volumes to be difficult to 
produce. As in the case of sticks, there 
is some doubt as to the depth to which 
the inhibitor solution falls. 






CORROSION—-NATIONAL 


TABLE 1-——Well Completions and Mitigation Practices 








ASSOCIATION 





OF 





Percent of Percent of 
Percent of | _ Total Wells Total 
Total Wells § Plastic Coated | Wells Inhibited 
8 0 8 
4 0 eT 
59 17 59 
29 0 17 : 


Maxwell’ described the use of a dump 
bailer in the treatment of gas conden- 
sate wells. Basically, a container on a 
wire line is run in the tubing string, 
and the inhibitor solution is dumped by 
a tripping mechanism. The inhibitor 
used generally contains much more ac- 
tive material than conventional inhibi- 
tors. The well may or may not be shut- 
in during this operation; if a shut-in 
period is required, it is of short dura- 
tion. This method allows placing the 
inhibitor at a desired point, but only a 
limited volume can be dumped on a 
single trip of the bailer. 

While completing a well, it is some- 
times possible to load the annulus with 
inhibitor fluids and employ a_ bottom 
hole chemical injection valve. The valve 
is set above the packer and may or may 
not be wire line retrievable. By pump- 
ing inhibitor into the annulus at the 
surface, inhibitor solution is admitted 
to the tubing through the chemical in- 
jection valve in the well. One disad- 
vantage of this completion is the ex- 
pense of the large volume of inhibitor 
required to load the annulus. Another 
is the possibility of trouble with the 
valves. However, one operator has ex- 
perienced relatively little trouble with 
the newer type wire line retrievable 
valves. Preparation of the annulus is 
apparently a factor in the success of 
this approach. 

A wire line set and retrievable bottom 
hole chemical-pump has been used with 
good success. This pump. barrel is 
loaded with concentrated inhibitor. 
Shutting the well in for three to five 
minutes actuates the pump. The pump 
holds a limited volume of inhibitor, but 
the volume pumped per shut-in period 
can be governed by adjusting the stroke. 
One advantage of this tool is that less 
wire line work is involved. A disadvan- 
tage is that the well receives a treat- 
ment each time it is shut in, whether or 
not a treatment is desired. 

A chemical injector is available that 
falls to the bottom of the tubing, ejects 
inhibitor, and returns to the surface. 
This tool is dropped when loaded with 
inhibitor. When it reaches bottom hole 
temperature, the valves open allowing 
the dispensing of inhibitor. The well is 
then opened, and the tool is produced 
back to the surface. This is another 
means of positively placing inhibitor. 
Difficulty can be experienced if the tub- 
ing is not free from restricting kinks or 
bends, and/or if the required velocity 
is not developed to lift the tool in its 
lubricator. 

Poetker and Stone® described the 
“squeeze” technique of applying inhibi- 
tors in gas lift wells. The technique has 
been used in gas wells in much the 
same manner. Inhibitor solutions are 
pumped into the tubing and out into 
the formation. The well is returned to 
production and protection is provided 





Any discussions of this article not published above 


will appear in the December, 1958 issue 
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for long periods of time. One operator 
has obtained protection of a gas well 
treated in this manner for as long as 
eight months. In the case of one sour 
gas condensate well, the ability of the 
well to produce was increased by a 
squeeze job. The technique is relatively 
new and must be fully developed before 
its potential is defined. 


High Pressure Wells 

NACE Task Group T-1B-1 is study- 
ing the corrosion problems associated 
with high pressure wells. Well comple- 
tion has a relationship to the corrosion 
control practices that can be used. The 
industry is approaching the problem in 
several ways. The manner in which one 
company has produced wells with tub- 
ing pressures over 5,000 psi might be 
typical of the industry. The breakdown 
of these completions and _ mitigation 
practices is shown in Table 1. 

These wells, and similar wells, must 
be produced for several years before 
enough experience in operation is ob- 
tained to classify the completions and 
mitigation practices as satisfactory or 
unsatisfactory. One or all of the ap- 
proaches to the problem may prove suc- 
cessful. The variety of approaches to 
the problem assures the industry that 
the problem is receiving the engineering 
effort that it deserves. 


Conclusions 

The work of the NGAA Condensate 
Well Corrosion Committee has been of 
great benefit to the petroleum industry. 
The data assembled in the NGAA book 
are still useful. However, the following 
statement in the foreward of the book 
by Dr. Norman Hackerman’ must not 
be overlooked: “Perhaps the single most 
important contribution was the conclu- 
sion that each well had some individual 
characteristic corrosion-wise; and, there- 
fore the method of mitigation in each 
case had to be based on a careful ap- 
praisal.” 

Although there are still unsolved 
problems in controlling corrosion in gas 
condensate wells, much progress has 
been made. The new problem of high 
pressure wells is receiving adequate 
study. Generally speaking, any operator 
can use the prevailing practices of cor- 
rosion control of gas condensate wells 
and expect a material benefit. 
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Corrosion Resistance of Titanium Alloys 


Compared With Commercially Pure Titanium 


* 


By DAVID SCHLAIN and CHARLES B. KENAHAN 


Introduction 

Ce ATTENTION 

has been given in recent years to 
the development of titanium alloys. Al- 
though some of the alloys are now in 
commercial production, little information 
has been published on the corrosion prop- 
erties of these metals. The remarkable 
corrosion resistance of commercially 
pure titanium naturally arouses interest 
in the corrosion properties of titanium 
alloys. For this reason, the Federal 
Bureau of Mines investigated the chem- 
ical and galvanic corrosion behavior of 
a number of titanium-base alloys in 
typical environments. 


The titanium- 8 percent manganese and 
the titanium-5 percent aluminum-2% per- 
cent tin alloys included in this study were 
commercial products. The titanium-2 per- 
cent aluminum, titanium-6 percent alu- 
minum, titanium-1 percent copper, and 
titanium-5 percent copper alloys were 
prepared for experimental purposes by 
the physical metallurgy group formerly 
at College Park, Maryland. These alloys 
were made by arc-melting high-purity 
titanium sponge (hardness below 130 
3rinell) and pure aluminum and copper 
shot. The commercially pure titanium 
used for purposes of comparison in the 
chemical corrosion tests also was pre- 
pared at College Park by arc-melting 
high-purity sponge. The titanium used 
in galvanic corrosion experiments was a 
commercial product, consolidated by arc- 
melting.” Other metals used in galvanic 
couples included commercially pure 
aluminum (2S-0), commercially pure 
magnesium, magnesium alloy FS1, and 
Types 302 and 20Cr-29Ni stainless steels. 


Test Procedures 

Metal specimens received a_prelimi- 
nary polish with wet silicon carbide 
paper on a mechanical polisher. Im- 
mediately before immerson they were 
surfaced by hand with 3/0 emery cloth, 
rubbed with wet pumice, washed with 
water, dried with acetone, and weighed. 
Synthetic ocean water® was prepared 
according to a formula dev eloped by the 


ASTM!'; tap water® was from College 
Park, Maryland, 


de Seibenteted for publication November 21, 1957. 


Impurity content, in percent: C, 0.044; No, 
0.027; Oz, 0.1; Fe, 0.13; Mn, 0.076; W, 0.02 
max; Si, 0.04 max, 


Composition in grams per liter: NaCl, 24.53; 
MgClz°6H20, 11.11; Na2SOy, 4.09; CaCl, 
1.16; KCl, 0.695; NaHCOs, 0.201; KBr, 0.101; 
H3BOs3, 0 027; SrClhe6H:0, 0.042; NaF, 
0.003, 


®) Analysis, in parts per million: Hardness 
(total) 31-44, alkalinity (total) 15-30, alkalin- 
ity CO; 3-6, alkalinity HCO; 10-24, SiO». 0.2- 
2.8, Ca 7-19, Mg 0.2-3, SO, 7-13, fluoride 0.7- 


1.0, Fe (total) 0.0, FeO; and AlsO3 0-5, Cle 
(starch KI) 1, Mn 0.0, NH; (free) 0.0, solids 
50-100, chlorides 2-7.5. Dissolved oxygen, per- 
cent saturated 87-100; pH 8.7. Information 
supplied by the Washington Suburban Sani- 
tary Commission, Hyattsville, Maryland. 
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Chemical corrosion tests were con- 
ducted according to recommendations of 
the American Society for Testing Ma- 
terials? and were generally six days in 
length. Solution temperatures were 35 or 
60 C. Experiments were conducted in 
1-liter Erlenmeyer flasks with loosely 
fitting aerator-condenser assemblies. 
Each vessel contained two specimens 
and 750 ml of corrodant. Air was passed 
through the solution for one hour before 
the specimens were immersed and con- 
tinuously throughout the experiment (100 
ml per minute). 

Galvanic corrosion experiments were 
conducted at 35 C in stoppered bottles 
with a continuous flow of air (50 ml 
per minute) and lasted 15 days. In every 
experiment, two specimens of each of 
the two metals involved were inserted 
through slits in small rubber stoppers 
which fitted tightly in holes in the 
large bottle stopper. This formed gas- 
tight seals, yet permitted external con- 
nections. Each specimen had 0.11 square 
decimeter of surface exposed to the cor- 
rodant. One pair of dissimilar specimens 





Abstract 


Titanium-8 percent manganese, titanium- 
5 percent aluminum-2™% percent tin, 
titanium-2 percent aluminum, titanium-6 
percent aluminum, titanium-1 percent 
copper, and titanium-5 percent copper 
alloys are similar to cme pure 
titanium in chemical and galvanic corro- 
sion properties. These alloys are com- 
pletely resistant to corrosion in synthetic 
ocean water, tap water, 1 percent sodium 
hydroxide, and 5 percent ferric chloride 
solutions. In sulfuric acid solutions sat- 
urated with air, the titanium alloys with 
the exception of those containing copper 
are resistant to corrosion in 5 percent 
solution at 35 C but corrode rapidly in 
10 percent solution. At 60 C, these alloys 
are inert in 1 percent and corrode in 
5 percent acid. The titanium-copper al- 
loys usually are more resistant than com- 
mercially pure titanium to corrosion in 
sulfuric acid solutions and less resistant 
in hydrochloric acid. In contact with 
aluminum in 0.5 percent sulfuric acid 
saturated with air, titanium and the 
titanium-base alloys are the cathodic 
members of the couples. Titanium and 
titanium-base alloys are generally anodic 
when in contact with stainless steels in 
air-saturated 4.7, 9.3 and 17.5 percent 
sulfuric acid solutions but the galvanic 
corrosion rates are low. Furthermore, the 
chemical corrosion of titanium alloys is 
almost eliminated as a result of contact 
with stainless steel. 6.3.15 


was connected through a l-ohm (+ 1 
percent) resistance; the other two speci- 
mens were not coupled. Galvanic cur- 
rents flowing through the couples were 
determined by measuring voltage drops 
across the resistance and applying Ohm’s 
law. The voltages were measured with 
a millivoltmeter, with a potentiometer 
and a galvanometer, or with a potenti- 
ometer and an electronic microvoltmeter 
used as a null indicator. 

Galvanic corrosion rates were calcu- 
lated from average galvanic currents by 
applying Faraday’s law. Galvanic cor- 
rosion was always av eraged for the full 
15-day period, even in those instances 
when there was no galvanic current dur- 
ing part of the period. The weight-losses 
of the coupled and uncoupled specimens 
were determined and used in calculating 
total corrosion rates. The electrode po- 
tentials of each uncoupled specimen and 
of the couple were measured with an 
L and N type K-2 potentiometer, a 
saturated calomel electrode, and a satu- 
-ated potassium chloride bridge. The 
positions of the electrode potentials of 
the various metals on the saturated calo- 
mel electrode scale are shown on the 


chart. 


Discussion 
Synthetic Ocean Water, Sodium Hydrox- 
ide, and Ferric Chloride Solutions 


Like commercially pure titanium, the 
titanium-base alloys are completely re- 
sistant to chemical and galvanic attack 
in synthetic ocean water (Tables 1 and 
2). The single electrode potentials of the 
titanium alloys were always much more 
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Synthetic noble than that of aluminum (see Figure 
1)? “when, coupled with commercially 
pure aluminum, the titanium alloys were 
always the cathodic (non-corroding) 
members of the couples. Yet there was 
little galvanic corrosion of aluminum. 
Single specimens of aluminum also were 
resistant to corrosion in synthetic ocean 
water. 

The titanium-base alloys are similar 
to commercially pure titanium in being 
completely resistant to chemical attack 
in 5 percent ferric chloride solution 
(Table 1). The titanium-8 percent man- 
ganese and titanium-5 percent aluminum- 
2% percent tin alloys are resistant to 
corrosion in l-percent sodium hydroxide 


(Table 1). 
Tap Water 


Titanium and titanium-base alloys are 
inert in tap water (Table 3). Single 
specimens of magnesium and magne- 
sium alloy FSI corroded in tap water, 
and the coupling of these metals with 
titanium or with any of the titanium 
alloys resulted in even higher corrosion 
rates. These high rates of galvanic cor- 
rosion are consistent with the position 
of magnesium relative to that of the 
titanium alloys on the electrode potential 
chart. Corrosion of magnesium and mag- 
nesium alloy FSI occurred chiefly in pits 
and at the tips of the specimens. 





Oo 





~ Ti alloy 


ELECTRODE POTENTIAL, VOLTS Vs. S. C. E. 


2 Ti, commercially pure 


LEGEND Sulfuric Acid Solutions 

Commercially pure titanium and the 
> titanium-8 percent manganese, titanium- 
Ti alloys, 1 and 5% Cu 2 percent aluminum, titanium-6 itr 
aluminum, and titanium-5 percent alumi- 
8 Ti alloys, 2 and 6% Al, 8% Mn, and 5% Al-2.5% Sn num-2'%4 percent tin iene were resist- 
ee Al, Mg, and S. S. ant to chemical attack in the less con- 
—1.4 centrated sulfuric acid solutions. These 
alloys all corroded rapidly, however, in 
Figure 1—Single electrode potentials of metals in solutions with flow of air at 35 C. Potential is referred to 5-percent acid at 60 C and in 10-percent 
Se Serer ore acid at 35 C (Table 1). In some instances 
commercially pure titanium appeared to 
be somewhat more resistant than the 
TABLE 1—Titanium and Titanium Alloys in Various Corrodants* allovs but in 5-percent sulfuric acid at 

35 C it was slightly less resistant. 
CORROSION RATE, MILS PER YEAR The data for titanium-8 percent man- 
eae Ti TL 5% : - ganese alloy in sulfuric acid are usually 
Degrees\Comm. | TH-8% |AL-214% Ti-2% | Ti-6% | TL1% | Ti-5% i agreement with those of Golden, 
Solution | Pure Mn# Sn Al Al Cu Cu Acherman, and Schlain.® The major 
Sonihelie oueai awe. oe 0.04.b 0.0% 0.08. Pe 0.08.6 ~~ 0,0b- 0 0 0.0 Vaeuen pp cc mn 3-percent sulfuric 
: : acid at 60 C (Golden, 5.33 mpy), and in 
Sodium hydroxide, 1 percent 0.0 0.0 5-percent sulfuric acid at 35 C (Golden, 
4.1 mpy). These are areas of borderline 
passivity and erratic results are to be 

Sulfuric acid, 1 percent 0.1 0.5 d.¢ a pas saiete expected. 

Sulfuric acid, 3 percent 3: 2 02 e The titanium-1 percent copper alloy 
5 was more resistant than commercially 
pure titanium to chemical corrosion in 
10 and 50 percent sulfuric acid solutions 
at 35 C and the titanium-5 percent 
Sulfuric acid, 10 percent . 3! 53.5 91.2 53.8 4 5 copper alloy was more resistant in 5. 
10, and 50 percent acid solutions. The 
titanium-1 percent copper alloy appears 
Sulfuric acid, 96.5 percent “3 sees vee 5 to corrode more than titanium in 3 per- 
3! 3. ; eat, cent sulfuric acid solution at 60 C but 
Hydrochloric acid, 4 percent... j } 9, 82. 57.4 27. is more resistant than the titanium al- 
a5 ; = 2 ae 160 loys without copper. These data show 
Hydrochloric acid, 10 percent j 3516 : ao 288 205 that the addition of copper increases 
the corrosion resistance of titanium in 
Hydrochloric acid, 20 percent 3: 126: idee aired 1606« 870 sulfuric acid solutions. This conclusion 
2: 0.4 0.4 Qs 0.5 ‘ is in general agreement with that of 
Oxalic acid, 1 percent . 59.0 80.8 52.8 52.0 94.8 Rudiger, Fischer, and Knorr® who tested 
titanium alloys containing 2 to 10 per- 

* Flow of air through solution, 100 ml per minute; 6-day experiments; 2 replicates. cent copper in boiling 15-percent  sul- 

" Number of replicates, 4. furic acid. 

* Experiment lasted 30 days. In electrical contact with aluminum 
laken from the literature (references 3 and +), hese data were obtained with specimens cut from and immersed in 0.5 percent (O.1N) 
sheets consolidated by powder metallurgy techniques. sulfuric acid saturated with air, com- 
O.4 my. mercially pure titanium and the titanium 

¢ Number of replicates, 2; one inactive, corrosion rate 0.3 to 1.3 mpy; other active, corrosion rate 20 to alloys CES alw ays the cathodic ae 
32 mpy. bers of the couples (Table 4). The gal- 

‘ Number of replicates, 2; one 30 mpy, other 101 mpy. vanic corrosion of aluminum was rapid 

« Experiment lasted 3 days. in every instance. This is consistent with 
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Ferric chloride, 5 percent 0.0 0.0 0.0 0.0 


Sulfuric acid, 5 percent 


Sulfuric acid, 50 percent 


4 This value is the average for two specimens; two other specimens were passive, average corrosion rate 
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TABLE 2—Galvanic Corrosion of Titanium 
Alloy-Aluminum (28-0) Couples in Syn- 
thetic Ocean Water, 35 C* 


Corrosién of Aluminum, mpy 


Based on Weight | 


| 








Galvanic* Loss 
(Calculated |—-—----—— ——----—— 
Titanium from | | Un- 
Alloy Current) Coupled | coupled 
Cc ommercially | | | 
pure Eh. 0.1 | 0.6 0.1 
Ti—8% Mn..| 3 | 2.3 3 
ri—5% Al— | 
24% Sn...| ol } 9 2 
Ti—2Q% Al...| oa 1.1 4 
Ti- 6% Ab... 2 38 4 
ri—1% Cu... an 9 3 
Ti—5% Cu... 4 38 4 


*F oe of air through ielttams 50 ml per minute; 

15-day experiments. 

Note: Titanium alloys were inert in all experi- 

ments; corrosion rate, 0.0 mpy. 

« Galvanic current flowed through the couples only 
during the first two to five days after immersion. 
Galvanic corrosion rates were averaged for 15 
days. 


TABLE 3——Galvanic Corrosion of Titanium 
Alloy-Magnesium Alloy (FS1) Couples in 
Top Water —/ Pork, a. de 35 bail 








Corrosion of Magnesium, mpy 
Based on ‘Weight 
Galvanic Loss 
(Cane. 
Titanium from Un- 
Alloy Current) | Coupled | coupled 
Commercially | | 
pure Ti... 2.5 | 293 8.7 
Ti—8% Mn.. 7.1 18.5 5.4 
Ti—5% Al— | 
244% Sn*. .| 7.0 14.4 4.3 
Ti—2% Al... 28.2 41.6 | 11.6 
Ti—6% Al... 18.6 28.0 | 10.7 
Ti—1% Cu... 14.6 24, 3 8.8 
Ti—5% Cu... 23.5 35.2 7.9 





* Flow of air through solution, 50 ml per minute; 
15-day experiments. 
Note: Titanium alloys were inert in all experiments; 
corrosion rate, 0.0. mpy. 
® Commercially pure magnesium. 


the fact that the single electrode poten- 
tials of titanium and the titanium alloys 
are always more noble than that of 
aluminum (see Figure 1). However, be- 
cause aluminum tends to have a nega- 
tive difference effect, contact with tita- 
nium does not greatly increase the total 
corrosion rate of aluminum. Although 
single specimens of titanium alloys re- 
sist corrosion in this solution and al- 
though titanium alloys are always the 
cathodic members of the titanium alloy- 
aluminum couples, contact with alumi- 
num generally causes the titanium al- 
loys to corrode slowly. This type of 
attack is known as cathodic corrosion, 
and other instances of its occurrence 
have been reported.’ 

Titanium alloys are generally the 
anodic members of couples with stain- 
less steels (Table 5) when immersed in 
4.7, 9.3, and 17.5 percent (1, 2, and 4N) 
sulfuric acid solutions with a flow of 
air. There are exceptions to this gen- 
eralization. Coupled with Type 302 stain- 
less steel in 1N acid, commercially pure 
titanium was cathodic during the en- 
tire experiment. Titanium-8 percent man- 
ganese alloy became cathodic after a 
period of immersion in this environment. 
The titanium-copper alloys were ca- 
thodic when coupled with stainless steel 
in 2N acid. The direction of flow of 
current in ‘these couples is consistent 
with the relative values for the electrode 
potentials of the single specimens (see 
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TABLE 4—Galvanic Corrosion of Titanium Alloy-Aluminum (25-0) Couples in 0.5 Percent 
_ (0.1N) Sulfuric Acid Solution, 35 c* 





| 


Galvanic 
| (Calculated | 
| from Current) | 


Titanium Alloys 


See a = 


* Flow of air through sohition, 


Figure 1). However, the rates of gal- 
yanic corrosion of the titanium alloys are 
small in view of the large differences 
between the single electrode potentials 
of the titanium alloys and the stainless 
steels. The total corrosion rates of the 
stainless steels were not affected by con- 
tact with titanium. Corrosion of Type 
302 stainless steel in 1 and 2N acid 
sometimes was definitely erratic. 

Single specimens of the titanium-8 
percent manganese alloy corroded in 4.7 
percent acid. This does not agree with 
the very low corrosion rate obtained 
in 5 percent acid during chemical cor- 
rosion tests (Table 1). Such variation in 
behavior probably is indicative of bor- 
derline passivity. Corrosion rates for sin- 
gle speciments of the titanium alloys 
in 9.25 percent sulfuric acid are in good 
agreement with results of chemical cor- 
rosion tests (Table 1, 10 percent acid). 

In those solutions in which titanium 
normally undergoes chemical corrosion 
and is less noble than the stainless steels, 
coupling with a stainless steel virtually 
eliminated the chemical corrosion of 
titanium (Table 5). Uncoupled speci- 
mens of titanium present in the same 
vessels corroded at the usual rates. 
Hence, the inertness of the coupled 
titanium specimens was not caused by 
the presence of the ferric ions but was 
evidently the result of anodic polariza- 
tion of titanium. 


Hydrochloric Acid Solutions 

Titanium, the titanium-8 percent man- 
ganese and the titanium-2 percent alumi- 
num alloys were resistant in 4 percent 
hydrochloric acid at 35 C (Table 1). 
The titanium-5 percent aluminum-2% 
percent tin and the titanium-6 precent 
aluminum alloys were moderately ac- 
tive in this environment. All of these 
alloys were active in 4 percent hydro- 
chloric acid at 60 C. The titanium-cop- 
per alloys corroded rapidly in 4, 10, and 
20 percent solutions. The addition of cop- 
per decreases the corrosion resistance of 
titanium in hydrochloric acid solutions. 
This agrees with the generalization of 
Rudiger, Fischer, and Knorr® who 
worked with boiling 10 percent hydro- 
chloric acid. 


Oxalic Acid 

Commercially pure titanium, titanium- 
8 percent manganese, titanium-5 percent 
aluminum-2¥% percent tin, and the tita- 
nium-aluminum alloys corroded in 1 per- 
cent oxalic acid at 60 C (Table 1). At 
35 C, commercialy pure titanium, tita- 
nium-8 percent manganese, and titanium- 
2 percent aluminum were resistant in 
this solution. 


Air-Free Acid Solutions 
Some experiments were carried out 
with sulfuric, hydrochloric, and oxalic 


Corrosion of ‘Aluminum, mpy 


50 ml per minute; 


| 
| Corrosion of Titanium 
Alloy, mpy 


| "Based o: on Weight Loss Based on Weight Lees 


| 








Coupled Uncoupled | Coupled | Uncoupled 
47.3 } 43.0 0.8 } 0.1 
36.3 | 30.2 1.7 0 
46.0 41.3 7 ol 
46.4 41.5 A 0 
43.4 38.8 1.3 as 
51.7 | 43.9 a 0 
49.0 | 39.3 2 0 


15-day experiments. 


acid solutions from which the air was 
removed with a flow of helium. In such 
solutions, corrosion of titanium and of 
the titanium alloys generally occurs at 
lower acid concentrations and tempera- 
tures than in air-saturated solutions be- 
cause the protective oxide film cannot 
be maintained in the absence of air. For 
example, in the chemical corrosion tests 
commercially pure titanium, titanium-5 
percent aluminum-2% percent tin, tita- 
nium-8 percent manganese, and the 
titanium-aluminum alloys became active 
in air-free 1 percent sulfuric acid at 60 C 
and in air-free 3 percent acid at 35 C 
(16 to 113 mpy). The removal of air 
from 5 percent sulfuric acid at 35 C 
resulted in a higher corrosion rate for 
commercially pure titanium (18 mpy) 
and caused the titanium alloys to be- 
come active (27 to 42 mpy). In 5 per- 
cent sulfuric acid at 60 C the removal 
of air caused the already active titanium 
and titanium alloys to corrode even 
more rapidly (114 to 269 mpy). Tita- 
nium and the alloys were all active in 
4 percent hydrochloric acid (10 to 15 
mpy) and in 1 percent oxalic acid (24 
to 52 mpy) at 35 C. 

In every instance, electrode potentials 
were less noble in air-free sulfuric acid 
solutions than in solutions saturated 
with air. When titanium, titanium-man- 
ganese, titanium-aluminum-tin, or tita- 
nium-aluminum alloys were coupled 
with aluminum in air-free 0.5 percent 
sulfuric acid they became anodic after 
an initial period of immersion and cor- 
roded by galvanic action at moderate 
rates (3 to 7 mpy). Titanium and the 
titanium alloys in contact with stainless 
steel in air-free 9.25 percent sulfuric 
acid solution were anodic just as they 
were in solution saturated with air. 
However, in the air-free solution the 
galvanic corrosion of the titanium alloys 
was much more rapid (17 to 36 mpy). 


Conclusions 

Like commercially pure titanium, the 
titanium-base alloys included in this in- 
vestigation are completely resistant to 
corrosion in synthetic ocean water, tap 
water, 1 percent sodium hydroxide, and 
5 percent ferric chloride solutions. Con- 
tact with aluminum in synthetic ocean 
water or with magnesium in tap water 
does not affect this resistance. 

In sulfuric acid solutions, the titanium- 
8 percent manganese, titanium-5 percent 
aluminum-2'4 percent tin, titanium-2 
percent aluminum, and _ titanium-6 per- 
cent aluminum alloys have corrosion 
properties similar to those of titanium. 
In solutions saturated with air at 60 C 
the passivity of the alloys breaks down 
in acid concentrations between 1 and 
3 percent; at 35 C, it breaks down in 
acid concentrations between 5 and 10 
percent. When corrosion occurs, the 
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TABLE 5—Galvanic Corrosion of Titanium ey ae Steel Couples i in Sulfuric Acid Solutions at 35 c* 


| 





| 
| 


CORROSION RATE, MPY (Based on Weight Loss) 





| 
| 
| 
| 





Galvanic | ean ie 
Corrosion, | Titanium Alloy Stainless Steel 
mpy (Cale. |- | ——|— - 
Titanium Alloy Stainless Steel) Anodic Metal |from Current)| Coupled Uncoupled | Coupled Uncoupled 





4.74 PERCENT (1N) SULFURIC ACID 











Commercially pure Ti : ee Type 302 | S.S. 1.5 | 0.7 | 0.2 | P 
ri—8% Mn yea 5 aes ..| Type 302 S.S, Ti* 0.6, 0.5 | 0.7 18.3 | 21.7 26.7 









9.25 PERCENT (2N) SULFURIC ACID 













Commercially pure Ti 5 Sk Anete } Type 302 Ti 0.5 0.2 | 40.8 4.1 0.1 
Ti—8% Nn... és Type 302 Ti 0.7 0.2 | 76.3 0.4 | 0.0 
Ti—5% Al—24% Sn.. s : Type 302 Ti 2.2 2.3 | 75.1 25.3 | 27.0 
Ti—2% Al - = sil Type 302 Ti 0.5 0.2 77.8 1.1 | 0.1 
Ti—6% Al...... ; iF Type 302 Ti 0.7 0.6 87.7 7.0 | 0.1 
ri—1% Cu ea oi ee Type 302 Ti, S.S.> 0.2, 1.4 0.5 18.1 15.7 15.2 
ri—5% Cu ; <i a ; Type 302 S.S. 4.8 0.7 | 0.1 16.1 15.6 


17.50 PERCENT (4N) SULFURIC ACID 









29Ni Ti 0.9 | 0.1 












Commercially pure Ti... . as 20Cr 84.3 0.1 | 0.0 
ri—8% Mn 20Cr—29Ni Ti 0.7 0.2 154.3 0.1 0.1 
ri 20, Al.. ea a5 20Cr—29Ni Ti 0.9 0.0 132.2 0.2 0.0 
ri—6% Al er ics 20Cr—29Ni Ti 1.0 0.7 139.6 0.2 | 0.0 
Ti—1% Cu we | 20Cr—29Ni Tic 0.0 0.1 40.9 G1 | 0.0 
ri—5% Cu ‘ me 20Cr—29Ni Tic 0.0 0.3 | 13.6 0.1 | ° 






* Flow of air through solution, 50 ml per minute; 15-day experiments. . . 7 
® Titanium was the anodic member ot the couple during the first day and the last nine days of the experiment. Stainless steel was anodic the remainder of 
the time. 

» Titanium was the anodic member of the couple during the first day. 


litanium alloy was anodic during the first four hours after immersion. No current was detected during the remainder of experiment. 
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Any discussions of this article not published above 
will appear in the December, 1958 issue 
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Introduction 
ARIOUS INVESTIGATORS have 
observed the effect of the concen- 

tration of salt solutions on the rate of 
corrosion of metals.** Their data were 
obtained, however, over long periods 
of time during which the products of 
corrosion greatly influence the rate of 
dissolution of the metal. It has been 
known for some time that the rate for 
the initial period of corrosion is much 
faster than that in the latter stages 
where films of various kinds form on the 
corroding metal. These films tend to 
slow the corrosion rate and account 
for the decrease in the rate of corrosion 
as the attack proceeds. 

Relatively little has been done to in- 
vestigate the initial rate of corrosion by 
measuring the rate of the dissolution 
of the metal during the early stages of 
corrosion. Rauch and Kolb® investigated 
the corrosion of copper in salt solutions 
over a period of one hour and found 
that the corrosion rate varied linearly 
with time over this period. 

Hill’ found that the early stages of 
corrosion of copper in aqueous potas- 
sium chloride solutions was of the first 
order with respect to the oxygen and 
hydrogen ion concentration. He also 
found that subsequent to the initial re- 
action, the rate became parabolic, then 
logarithmic, owing to a change in me- 
chanism. 

Todt” found that the initial rate of 
the dissolution of iron in various media 
was very rapid as compared to the latter 
stages of corrosion. Shatalov" observed 
a rapid rate of corrosion of cadmium in 
acid solutions during the initial period 
which soon decreased and became con- 
stant due to the formation of a film of 
corrosion products on the surface of 
the cadmium. 

The primary aim of this work is to 
elucidate the kinetics of the initial stage 
of the corrosion of cadmium by measur- 
ing the rate of dissolution of cadmium 
in various concentrations of neutral salt 
solutions, This will afford a means of 
studying the effect of cations and anions 
on the initial stage of the dissolution. 


Theory 

Temperature, pH, history of the metal 
being corroded, velocity of the solution, 
and oxygen concentration as well as the 
nature and concentration of salt have 
an appreciable effect on the rate of 
corrosion of metals in salts solutions. If 
all the variables other than the concen- 
tration of the salt solution are kept 
constant during the course of the in- 
vestigation, the effect of the cations and 
anions as well as of the concentration of 
the salt solution on the initial stage of 
the dissolution of cadmium can be 
studied. The rate of corrosion will then 


*% Submitted for publication November 29, 
1957. 
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depend upon the nature of the salt being 
studied and upon the concentration or 
ionic strength of this salt solution. Thus, 


me (1) 
where S, = initial rate of corrosion 
—a constant 
= ionic strength of the solu- 

tion being studied 
n=order of reaction due to 
the salt 
The initial rate of corrosion may be 
obtained by measuring the change in 
concentration of the cadmium in the 
salt solution with time. The initial slope 
of the curve obtained by plotting the 
cadmium concentration versus time gives 
the initial rate of corrosion. Then, 


mr 


Log S. = K’ +n Logg (2) 


The plot of Log S. versus Log pw should 
give a straight line the slope of which 
is equal to n, the order of reaction due 
to the salt being studied. 


Experimental 

Reagent grade salts were used 
throughout this work. When tests in- 
dicated a salt to be of insufficient purity, 
the salt was purified by repeated re- 
crystallizations. Reagent grade cadmium 
in the rod form was used as a source 
of cadmium. The rods were machined 
into cylinders 5 cm long and about 0.8 
cm in diameter. These were annealed by 
placing the cadmium cylinders in an 
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Abstract 


The initial rate of dissolution of cad- 
mium in various concentrations of carbon 
dioxide-free, air-saturated neutral salt 
solutions at 25 C was examined polaro- 
graphically. The salts employed were 
potassium chloride, sodium chloride, 
barium chloride, potassium _ bromide, 
sodium bromide, potassium iodide, sodium 
iodide, sodium perchlorate, and barium 
perchlorate. The experiments were con- 
ducted in such a manner that the only 
variable was the concentration of salt in 
the solutions. 

The order of reaction due to the salt 
was calculated at 25 C for the initial 
rate of dissolution of cadmium for each 
of the above salts. The nature of the 
anion was shown to have a much greater 
effect on the rate than does the nature 
of the cation. The perchlorate ion appears 
to act as an inhibitor and the iodide 
salts to have a maximum in the corrosion 
rate versus concentration curves. These 
results may be explained on the basis 
of anion polarization 4.3.6 


oven at 295 to 300 C under an atmo- 
sphere of nitrogen. The temperature was 
slowly lowered to room temperature 
over a period of three days. 

The cadmium bar was fitted to a 
stainless steel stirring rod which could 
be rotated at various speeds by an elec- 
tric motor. Five hundred ml of the salt 
solution being studied were placed in 
a one liter three neck round bottom 
flask. The flask was kept in a constant 
temperature bath at 25 C during the 
course of each experiment. Carbon di- 
oxide free air was passed through the 
solution at a rate of about 75 ml per 
minute through a fritted glass distribut- 
ing head. The cadmium bar, the exposed 
surface of which was regulated by ad- 
justing Tygon tubing over the bar, was 
placed in the salt solution after one 
hour of gassing with carbon dioxide 
free air. The Tygon tubing also served 
to protect the stainless steel stirring 
rod from the solution. 

The cadmium bar was first polished 
with emery cloth and then with Crocus 
cloth prior to each experiment. The 
rpm of the stirrer was adjusted to 
2350 + 50 rpm. At 5 or 15 minute in- 
tervals, depending on the rate of dis- 
solution, 10 ml aliquots of salt solution 
were withdrawn and the cadmium con- 
centration determined polarographically 
using a Leeds and Northrup Electro- 
Chemograph, Type E. The cadmium 
was corroded for 40 minute periods in 
some cases and 120 minute periods in 
others where the rate of dissolution was 
slower. 


Discussion 

Preliminary experiments indicated that 
over a pH range of 7.0 to 9.0, the initial 
rate of the dissolution of cadmium is 
independent of the initial pH of the salt 
solution. Other investigators also have 
shown that over a limited pH range, 
the rate of corrosion of various metals 
is independent of pH. Mortensen” for 
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Figure 1—Kinetics of the dissolution of cadmium in carbon dioxide-free, air- Figure 2—Kinetics of the dissolution of cadmium in carbon dioxide-free, air- 
saturated chloride salt solutions at 25 C. saturated bromide salt solution at 25 C. 
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Figure 3—Kinetics of the dissolution of cadmium in carbon dioxide-free, air- Figure 4—Kinetics of the dissolution of cadmium in carbon dioxide-free, air- 
saturated iodide salt solutions at 25 C. saturated perchlorate salt solutions at 25 C. 


example, has studied the rate of corro- bar during the experiments should be concerned with the initial rate of dis- 
sion of iron over a pH range of 4 to 9. — in the range of 1800 to 2600 rpm in order — solution of cadmium in neutral salt 
This indicates that although the pH of | to yield reproducible results. Below © solutions, the variables which affect the 
the carbon dioxide-free, air-saturated 1800 rpm, results were lower and also initial rate of dissolution were con- 
salt solutions increases with time during the precision of the measurements de- trolled to such an extent that their 
the course of corrosion, this increase creased. Hence, in the kinetic studies of | effects can be regarded as being con- 
in pH does not influence the initial rate the dissolution of cadmium in neutral stant. As explained above, the effects 
of the dissolution of cadmium in these salt solutions, the speed of the rotation of pH and the speed of rotation of 
solutions. of the cadmium bar was kept at 2350 the cadmium bar over the range en- 

Preliminary experiments showed that + 50 rpm. countered in the experiments can be 
the speed of rotation of the cadmium During the course of the experiments regarded as being constant. The effect 
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caused by the degassing 
the speed of rotation of the 
bar. The effect of the 





oxygen 
centration on the initial dissolution 





u K x 108 ‘Wien s.| Log u 
Potassium Chloride 
sh le ee en 
1.000 3.03 3.03 | 7.518 | 0.000 
0.500 2.93 2.40 | 7.620 | —0.301 
0.200 3.03 1.91 7.719 —0.699 
0.100 3.05 1.57 7.803 —1.000 
Sodium Chloride 
sa he n** = 0. aes a Sean _ 
1.000 2.51 2.51 | 7.601 0.000 
0.500 2.39 1.93 7.714 | —0.301 
0.200 2.39 1.46 7.835 —0.699 
0.100 2.52 1.25 7.904 rc 1.000 
! 
Barium Chloride 
ie ee ER 
| | | 
1.500 2.41 2.70 | 7.569 | 0.176 
0.75 2.46 2.27 | 7.644 | 0.125 
0.300 2.41 | 1.74 | 7.759 | —0.523 
0.150 2.41 1.44 | 7.841 | —0.824 
| t 
Potassium Bromide 
eo eee 
j 
1.000 7.24 7.24 | 7.140 0.000 
0.500 6.54 | 3.86 | 7.413 —0,.301 
0.200 7.13 2.10 | 7.678 | —0.699 
0.100 6.74 1.17 7.931 | 1.000 
“Sodium Bromide 
Wa. n*¥* = 0.779 | 
| | | 
1000 | 7.34 | 7.34 | 7.134 0.000 
0.500 | 6.65 3.89 | 7.411 0.301 
0.200 | 7.35 | 2.10 | 7.678 | —0.699 
0.100 | 7.13 } 1.19 7.926 | 1.000 
! 
Potassium Todide 
: n¥* = 1.493 
1.000 9.35 | 7.029 0.000 
0.500 | 2.74 | | 7.011 0.301 
0.200 ill | | 7.039 0.699 
0.100 1.09 | | 7.489 1.000 
Sodium Iodide 
n** = 1.587 
1.000 9.15 | 9.15 | 7.039 0.000 
0.500 | 280 | 9.31 7.031 0.301 
0.200 | 1.13 8.83 7.054 0.699 
0.100 | 1.2 2.91 7.536 1.000 
! 
Sodium Perchlorate 
n** = —0.472 
1.000 | 063 | 0.63 | 8.204 0.000 
0.500 | 41.16 | 0.84 8.076 0.301 
0200 | 282 | a2 7.880 0.699 
0.100 | 5.38 | 1.82 7.741 1.000 
Barium Perchlorate 
ae n** = =- -0,.445 a 
1.500 | 0.72 | 0.86 8.067 
0.750 123 | 1.08 7.965 
0.300 298 | 1.74 | 7.759 
5.13 | 2.20 | 7.657 


*S, is given in terms of moles Cd x 108 x 100 


** n is the order of reaction due to the salt. 


of temperature also can be considered to 
be constant since all experiments were 
The effect of diffu- 
sion can be regarded as negligible due 
to the vigorous agitation of the solution 
process 
cadmium 
con- 
rate 


CONCENTRATION OF VARIOUS 


and 


SALTS ON THE 





may be considered to be constant since 
carbon dioxide-free air was continually 
passed through the salt solution at a 
rate of 75 ml per minute. 

The samples of cadmium were made 
from the same reagent grade material 
and were prepared in identical ways; 
thus, the effect of the history and sur- 
face characteristics of the cadmium bar 
were constant. It can be seen then that 
all variables other than the nature of the 
salt and the concentration of the salt 
solution which would effect the initial 
rate of dissolution of cadmium were 
constant and thus could he disregarded 
when studying the effect of the salts 
and concentrations of the salt solutions. 

The data shown in Table 1 indicate 
that the anion in neutral salt solutions 
influences the initial rate of dissolution 
of cadmium much more than does the 
cation. Salts containing the same anion 
but different cations were found to have 
the same, or nearly the same, order of 
reaction, n, due to salts as calculated 
from Equation (1). Since the perchlorate 
salts used in this study gave a negative 
value for n, it is thought that the cations 
have an effect on the initial rate of dis- 
solution since, if no other factors were 
involved, the initial rate should be slower 
than is indicated. This is because the 
rate of dissolution of cadmium in car- 
bon dioxide-free, air-saturated water is 
slower than in neutral solutions of per- 
chlorate salts. If there were no other 
factors involved other than the influence 
of the anion, the rate of dissolution in 
the perchlorate salt solutions should be 
slower than found in these experiments 
due to the perchlorate ion acting as an 
inhibitor to the dissolution process. 
Hence, it must be assumed that the 
cations also have an influence on the 
initial rate of dissolution of cadmium 
but that this effect is smaller than that 
due to the anion. 

There are many references in the liter- 
ature” ™” to the fact that there are 
maxima and minima in the corrosion 
rate versus salt concentration curves. 
However, the data obtained in these 
experiments were from rather long cor- 
rosion experiments in which factors such 
as corrosion products would influence 
the rate of corrosion. These data were 
not for initial corrosion rates as deter- 
mined in this work. It is not surprising, 
though, to find that similar maxima 
occur for initial corrosion rate versus 
concentration curves obtained from the 
data for the iodide salts. Note that the 
plot of the logarithm of the ionic 
strength versus the logarithm of the 
initial dissolution rate for both potas- 
suim and sodium iodides indicate a 
maxima in the same region of concen- 
tration for both salts (see Figure 3). It 
can be seen also that the curves shown 
in Figures 1, 2, and 4 are very similar 
for salts containing a common anion, 
which helps support the view that the 
anion has a much greater effect on the 
initial dissolution rate than does the 
cation. 
order of reaction due 
salts indicates that 
inhibits the initial 
cadmium. It is 


The negative 
to the perchlorate 
the perchlorate ion 
rate of dissolution of 


Any discussions of this article not published above 


will appear in the December, 1958 issue 
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thought that the perchlorate ion forms a 
film on the surface of the cadmium and 


thus inhibits the dissolution process. 
The film of perchlorate ions is con- 
sidered to be a chemisorbed film in 


distinction to the physically bound pro- 


tective layers of corrosion products 
which are formed during the latter 
16, 17, 13 


stages of corrosion. 

The values of K for the various con- 
centrations of salt solutions calculated 
from Equation (1) are tabulated in Table 
1. The values of K for perchlorate salts 
help support the view that the per- 
chlorate ion acts as an inhibitor in the 
initial corrosion rate due to its being 
adsorbed on the surface of the cadmium 
metal; this effect has been called anion 
polarization. If it is assumed that as 
the concentration of perchlorate ion 
increases, the greater is the amount of 
surface of the cadmium metal protected 
by the perchlorate ion, then the effective 
area of the cadmium bar exposed to the 
solution also would decrease. Thus, the 
value observed for Sw, the initial rate 
of dissolution, is lower than the true 
value based on the true exposed area of 
cadmium. 

It is seen in Figure 3 that the initial 
rate of dissolution, S., for the iodide 
salts in the range of ionic strength of 
0.5 to 1.0 is similar in many respects to 
the initial rate of dissolution for the 
perchlorate salts over the whole range 
of ionic strength investigated. Thus, it 
might be expected that at the higher 
concentration of iodide salt, a film of 
iodide ions forms on the cadmium bar. 
It also might be expected that the rate 
of film growth with concentration of 
iodide salt is not as great as that with 
the perchlorate salts. Hence, up to an 


ionic strength of about 0.5, the anion 
polarization due to iodide ions is not 
sufficiently great to influence the re- 


sults obtained here within experimental 
error. Therefore, the abnormalities of 
the initial rate of dissolution of cad- 
mium in neutral salt solutions observed 
can be attributed to anion polarization 


of the surface of the cadmium metal. 
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LECTROLYSIS STUDIES 

in the Oak Park district indicated 
that there was a need for increased 
drainage in the existing one mile long 
350,000 circular mil drain wire from the 
River Forest area to the Des Plaines 
Street sub-station, Harrison and Des 
Plaines Streets, Forest Park, Illinois. 

The inadequate drainage created posi- 
tive cable to earth potentials ranging 
from .15 to .25 volt in the River Forest 
area and in portions of the Oak Park 
and Maywood area. This condition 
existed for about 20 hours of the 24- 
hour cycle. During the heaviest load 
times, from 6 am to 8 am and 5 pm to 
7 pm, the condition became worse. The 
cable to earth potentials were more er- 
ratic during these times, and the mag- 
nitude varied from plus .25 to plus .35 
volt. 

A study of various arrangements in- 
dicated that a magnetic amplifier in the 
drainage wire circuit would provide the 
most economical solution to the prob- 
lem. This system would permit. the 
drainage current to be controlled so 
that other underground metallic struc- 
tures in this urban area would not be 
unduly affected. 

Preliminary tests were made with 
the cooperation of owners of other sub- 
surface structures, and they indicated no 
objection to the installation of a con- 
trolled magnetic amplifier in the drain- 
age system. Arrangements were made 
with the Vickers Electric Division of 
St. Louis, Missouri, to provide a 60 
ampere, 28 volt magnetic amplifier to 
operate trom a 220 volt 3 phase 60 cycle 
power supply. The current output of 
this amplifier would be controlled by 


made 


%& Submitted for publication December 6, 
1957. A paper presented at a meeting 
of the North Central Region, National 
Association of Corrosion Engineers, Chi- 
cago, Illinois, October 2-4, 1957. 
Staff Supervisor, Illinois Bell Telephone 
Company, Chicago, Illinois. 
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Figure 1—Controlled magnetic amplifier schematic 


Saturable Reactors For Control Rectifiers” 


BY HARRY E. KROON* 


the the existing currents trying to re- 
turn from the cables to the Des Plaines 
Street sub-station. 

This controlled magnetic amplifier, 
the first of its kind in the Illinois Bell 
System, was installed along the North- 
western right-of-way on Central Street 
and east of the Soo Line Railroad, 
River Forest. The unit was placed in 
operation on May 14, 1956. 

Current surveys indicate the approxi- 
mate area cleared of unsatisfactory con- 
ditions included cables in Oak Park, 
River Forest and Maywood. A satisfac- 
tory negative cable to earth potential 
margin of 0.1 to 0.2 of a volt was created. 


Operation of Magnetic Amplifier 

The magnetic amplifier in this drain- 
age wire circuit is a single stage ampli- 
fier and operates in the following man- 
ner: 

The amplifier system (Figure 1) in- 
cludes a three phase power transformer, 
a three phase selenium rectifier for con- 
verting alternating current to direct 
current, a saturable reactor in each 
phase wire between the power trans- 
former and the selenium rectifier, and 
a source of bias current. 

Each saturable reactor has three con- 
trol windings and an output winding. 
The corresponding numbered control 
winding of each reactor is connected in 
series. The bias current acting in each 
of the series connected control windings 
of the three reactors sets the minimum 
output current of the amplifier and this 
determines the minimum negative cable 
to earth potential. The natural currents 
returning to the sub-station over the 
drainage wire flow through the output 
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Abstract 


Electrolysis studies indicated that inade- 
quate drainage of a one-mile long 350,000 
circular mil drain wire had created cable- 
to-earth potentials ranging from + .15 to 
+ .35 volt in certain areas. This situa- 
tion was corrected through the use of 
a magnetic amplifier used to vary the 
rectifier output simultaneously with the 
erratic positive cable-to-earth potentials. 
Experience to date indicates this con- 
trolled magnetic amplifier not only per- 
forms effectively but also requires a 
minimum of maintenance. §.2.3 


windings of the reactors. These currents 
trigger the reactor circuits resulting in 
saturation of the reactor cores and a 
reduction in circuit reactance. This per- 
mits the power transformer to deliver 
increased current to the selenium recti- 
fier and increase the de output current. 
The reactance of the circuit is reset 
each half cycle of power supply fre- 
quency to the value determined by the 
bias current flowing through the bias 
winding. 

The output current may be increased 
by allowing a portion ci the current re- 
turning from the cable to the sub- 
station to flow through one of the other 
unused control windings in such a di- 
rection as to increase the saturation in 
the reactor cores. The output current 
may be limited by allowing a portion 
of the output current to flow through 
one of the other unused control wind- 
ings in such a direction as to limit the 
degree of saturation in the reactor 
cores, This is called negative feedback. 
The magnitude of the feedback current 
can be retarded by the use of a non- 
linear resistance until the output current 
reaches its higher values, thus having 
little effect on the lower values of drain- 
age current. 

Experience to date indicates this con- 
trolled magnetic amplifier not only per- 
forms effectively but also requires a 
minimum of maintenance. 
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SYMPOSIUM ON CORROSION 
BY HIGH PURITY WATER 


A Contribution to the Work of NACE Technical Committee T-3F 
On Corrosion By High Purity Water 


The Corrosion Behavior of Zirconium-Uranium Alloys 
In High-Temperature Water 
By Warren E. Berry and Robert S. Peoples 


Corrosion and Water Purity Control For the Army 
Package Power Reactor 
By Richard J. Clark and A. Louis Medin_ . 


Removal of Corrosion Products From High Temperature, 
High Purity Water Systems With an Axial Bed Filter 
By R. E. Larson and S. L. Williams 


Some Relations Between Deposition and Corrosion 
Contamination in Low Make-Up Systems 
For Steam Power Plants 
By E. S. Johnson and H. Kehmna a 49 
Discussion: Robert D. Misch, Page 53; B. A. Kronmiller, Page 53; 
W. A. Keilbaugh, Pages 53 and 54; Replies by E. S. Johnson and 
H. Kehmna, Page 54. 


NOTE: All of the above listed papers were presented at the High Purity Water 
Symposium at the Fourteenth Annual Conference, National Association of 


Corrosion Engineers, San Francisco, California, March 17-21, 1958 





The Corrosion Behavior of Zirconium-Uranium Alloys 
In High-Temperature Water 


By WARREN E. BERRY* and ROBERT S. PEOPLES* 


Introduction 

HE LOW thermal-neutron-absorp- 

tion cross section of zirconium-makes 
it an attractive alloying agent for ura- 
nium fuels in nuclear reactor applica- 
tions. Alloys containing up to 60 weight 
percent uranium are easily fabricated, 
bond well to Zircaloy cladding, and 
possess reasonably good corrosion Té- 
sistance in high-temperature water.’ 

In water-cooled reactor applications, 
the fuel is clad with a corrosion-resist- 
ant envelope such as zirconium, not only 
to ensure that the core does not corrode 
but also to prevent fission products 
from entering the cooling stream. How- 
ever, since the envelope might develop 
a leak and allow water to reach the 
core, it is necessary to know the corro- 
sion behavior of the potential fuel alloy. 

The use of zirconium alloys contain- 
ing up to 60 weight percent uranium as 
a reactor fuel has been considered and 
there is information available on the 
corrosion resistance of several of these 
alloys in high-temperature water.2""" In 
addition, several surveys have been con- 
ducted on the corrosion behavior of 
zirconium-base uranium alloy series cov- 
ering a wide composition range.*?* Re- 
cent work has resulted in a better un- 
derstanding of the uranium-zirconium 
alloy system. It has been shown that 
the intermediate epsilon phase exists 
over the range of 45 to 53 weight per- 
cent uranium and that decomposition of 
epsilon occurs with oxygen additions.” 

Taking the above background infor- 
mation into consideration, a program 
was undertaken to determine the effect 
of water temperature and oxygen con- 
tent in the zirconium melting stock on 
the corrosion behavior of zirconium base 
7 through 70 weight percent uranium 
alloys. The information thus obtained 
would be useful in engineering future 
reactors, 

Cracking and premature failures have 
been reported for corrosion-tested alloys 
which were quenched from the beta 
phase*** (solid solution of beta zirco- 
nium and gamma uranium). These fail 
ures probably were due to a type of 
stress-corrosion cracking, since it has 
been reported that partial transforma- 
tion of beta in 20 through 80 weight per- 
cent uranium alloys results in a marked 
hardness increase which could provide 
internal stress.” Beta may transform at 
the corrosion test temperature or it may 
be partially transformed as a result of 
quenching conditions.” To avoid this 
effect, all alloys in the present study 
were corrosion tested in the equilibrium 
condition (1.e., alpha zirconium plus ep- 
silon for zirconium-rich alloys, epsilon 
for 45 to 55 weight percent uranium al- 


* Battelle Memorial Institute, Columbus, Ohio. 
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loys, and epsilon plus alpha uranium for 
uranium-rich alloys). 


Experimental 

Test Procedures 

Alloys were double melted from bis- 
cuit uranium and several grades of zir- 
conium by consumable electrode arc- 
melting techniques. Zirconium melting 
stocks were crystal bar, sponge, and 
high-oxygen sponge (alloyed with oxy- 
gen) with oxygen contents of approxi- 
mately 0.005, 0.10, and 0.30 weight per- 
cent, respectively. Spot-check analyses 
revealed that alloys containing less than 
20 weight percent uranium varied less 
than 0.5 weight percent from intended 
composition, and alloys containing more 
than 20 weight percent uranium did not 
vary more than 2 weight percent from 
the intended composition. Alloys were 
rolled to sheet at 790 to 840 C. 


Heat Treatment. The hot-rolled sheet 
from each alloy was heat treated to pro- 
duce the equilibrium phases and avoid 
undue brittleness in the alloys. Samples 
were first shaper finished to remove 
surface contamination. They were then 
inserted in vycor capsules which were 
evacuated to a pressure of 0.1 micron of 
mercury. The capsules were left open 
to the pumps and were heated to 800 C. 
After 1 hour at 800 C, the capsules were 
cooled at a rate of 100 C per hour to 
500 C. The power was then turned off 
and the capsules allowed to cool in the 
furnace. 


Weight-Loss Rate ,mg/(cm?) (hr) 


Abstract 


The effect on corrosion behavior of 
water temperature, uranium content, and 
oxygen content has been determined for 
zirconium 7 through 70 weight percent 
uranium alloys. Corrosion rates increased 
as water temperature increased from 
500 to 680 F, as uranium alloy content 
increased, and in general as oxygen 
content in the alloys increased. The 
amount and distribution of epsilon phase 
present in alloys containing up through 
55 weight percent uranium determined 
their corrosion behavior. The amount of 
alpha uranium controls the corrosion be- 
havior of alloys containing more than 
60 weight percent uranium. Increase in 
corrosion rates with increasing oxygen 
in alloys in the epsilon composition 
range of 45 to 55 weight percent ura- 
nium can be correlated with the effect 
of oxygen on the stability of the epsilon 
phase. Microstructures reveal an increase 
of a second phase (alpha zirconium) 
with increasing oxygen content. 6.3.20 


Preparation of Samples. Any light tar- 
nish film on heat-treated samples was 
removed by taking a light shaper cut. 
Final dimensions of the test samples 
were approximately 1.00 x 0.50 x 0.10 
inches. Samples were measured, de- 
greased, and weighed. After each ex- 
posure period, loosely adherent corro- 
sion product was removed by brushing 
prior to weighing. 


Autoclave Testing. Corrosion tests 
were conducted in 1-liter Type 316 stain- 
less steel autoclaves. Samples were sup- 
ported in individual Chromel A_ wire 
baskets which were in electrical contact 
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Figure 1—Corrosion results for zirconium-uranium alloys exposed in 680 F high-purity water for 3700 hours. 
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Figure 2—Temperature dependency of the corrrosion rate of zirconium—50 
weight percent uranium alloys in high-temperature water. 


TABLE 1—Corrosion Results Obtained for Zirconium-Uranium Alloys Exposed 


Nominal Uranium | 
Content (Balance | 
Zirconium), 
Weight Percent 
7 Crystal Bar 
Sponge we se 
Sponge—0.3 weight percent 
Crystal Bar 
Sponge. . na ? 
Sponge—0.3 weight percent 
Crystal Bar 
Sponge.. : es 
Sponge—0.3 weight percent 
Crystal Bar 
Sponge.... ; aa 
Sponge—0.3 weight percent 


Crystal Bar 
Sponge a4 es 
Sponge—0.3 weight percent 
Crystal bar 

Sponge aie 
Sponge—0.3 weight percent 
Crystal bar 

Sponge.. “a 
Sponge—3.0 weight percent 
Crystal bar 

Sponge ae 
Sponge—3.0 weight percent 
Crystal Bar 

Sponge bs ie: 
Sponge—3.0 weight percent 
Crystal bar 

Sponge. . si : 
Sponge—3.0 weight percent 
Crystal bar 

Sponge 


Sponge—3.0 weight percent 


8 Based on exposure times to 7000 hours. 
> Based on exposure times to 2350 hours. 
© Based on exposure times to 3700 hours. 
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Temperature, F 


Weight- Loss Rate, mg/(cm2) (hr) 
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| 600 Fe) | 


0.0056 
0.0073 
0.0052 


500 F(*) 550 F(>) 
0.00027 
0.00050 
0.00024 


0.0020 
0.0024 
0.0040 
0.00026 0.0028 0.0073 
* * * 
0.00070 0.0059 0.010 
0.010 
0.059 


0.016 


0.0039 
0.025 
0.0067 


0.00098 
0.0031 
0.0014 
0.019 
0.032 
0.043 


0.0064 
0.010 
0.013 


0.0015 
0.0049 
0.0029 
0.019 
0.054 
0.063 


0.0089 
0.017 
0.027 


0.0016 
0.0049 
0.0051 


0.031 
0.052 
0.063 


0.013 
0.020 
0.027 


0.0028 
0.0050 
0.0050 
0.940 
0.051 

0.055 


0.0029 
0.0043 
0.0044 


0.018 
0.020 
0.021 


0.057 
0.071 
0.083 


0.0036 
0.0057 
0.0075 


0.025 
0.032 
0.029 


0.068 
0.075 
0.093 


0.032 
0.034 
0.042 


0.0069 
0.0064 
0.0091 


0.031 0.069 
0.039 0.082 
0.069 0.20 


0.0065 
0.0082 
0.017 

0.3 a d 
0.88 d a 
1.2% a a 


4d Completely oxidized after 168-hour exposure. 
* No alloy. 
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Figure 3—Temperature dependency of the corrosion rate of zirconium—7 weight 
percent uranium alloys in high-temperature water. 
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Figure 4—Photomicrograph of zirconium—50 weight percent uranium alloys. Note increasing amount of precipitated alpha zirconium with increasing oxygen 
content in zirconium melting stock. Original magnifications, 500X; cctual magnifications after reduction for engraving purposes, 375X. 
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Figure 5—Corrosion results obtained with zirconium-uranium alloys in 680 F high-purity water. Dotted lines 
define limits of corrosion rates which would be obtained if epsilon were the matix phase. 
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Figure 7—Photomicrographs o 


with the autoclave. Test water of 1 meg- 
ohm specific resistivity was boiled one 
hour to remove dissolved gases. The 
boiling water was then transferred to 
the autoclave which was quickly sealed. 
The autoclave was heated and a meas- 
ured amount of water bled off to purge 
the fittings of air and to ensure a 10 
percent headspace at temperature. Fresh 
water was added after each 7-day-expo- 
sure period, 
Test Results 

The corrosion behavior of zirconium- 
uranium alloys in water was studied at 
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zirconium—7 weight percent uranium alloys, Alpha 


5 test temperatures: 500, 550, 600, 6406, 
and 680 F (260, 288, 315, 338, and 360 
C, respectively). Alloy compositions in- 
cluded 7, 10, 15, 22, 30, 40, 45, 50, 55, 60, 
and 70 weight percent uranium addi- 
tions to crystal bar, sponge, and_ high- 
oxygen (0.3 weight percent) zirconium. 

In general, loosely adherent corrosion 
products formed on test samples and 
they lost weight at a linear rate. Excep- 
tions were the 22 weight percent ura- 
nium-sponge and high-oxygen sponge- 
base alloys which alternately gained and 
lost weight at irrégular intervals, thus 


Figure 6—Photomicrograph of sponge zirconium- 
base 15 weight percent uranium alloy. Note the almost 
continuous epsilon phase. 500X. 
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zirconium matrix and epsilon. 


indicating the formation and subsequent 
spalling of the corrosion film. Alloys 
containing 70 weight percent uranium 
were completely oxidized after 168 hours 
in 550, 600, 640, and 680 F water, but 
survived at least 672 hours in 500 F 
water. 

Corrosion rates for the alloy series at 
each water temperature are presented in 
Table 1. Results are based on exposure 
times ranging from 2350 to 7000 hours. 
Changes in area due to metal loss from 
corrosion were taken into consideration 
in calculating the corrosion rates. Ad- 
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Figure 8—Photomicrograph of crystal-bar zirconium—30 weight percent uranium 
alloy exposed 3700 hours in 680 F water. Note alpha zirconium at grain 
boundaries which apparently retards penetration, 250X. 
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Figure 10—Photomicrographs of zirconium—22 weight percent uranium alloys. Note finely divided structure 
of alpha zirconium and epsilon. Oirginal megnification, 500X; actual magnification after reduction for 
engraving purposes, 360X. 


herent oxide on the 22 weight percent 
uranium alloys was mechanically re- 
moved and an average corrosion rate 
calculated based on the total weight loss 
and total exposure time, The plot of 
alloy content versus corrosion rate in 
680 F water in Figure 1 is typical for re- 
sults at all temperatures. It is apparent 
from the curves that, in general, the 
corrosion rates increased with increasing 
uranium content. The increase was uni- 
form for crystal-bar zirconium-base al- 
loys. However, corrosion rates of 
sponge and high-oxygen sponge-base al- 
loys increased sharply as uranium con- 
tent increased to about 30 weight per- 
cent. Above 30 weight percent uranium, 
the increase in rates was less _ pro- 
nounced, 

The effect of oxygen on corrosion be- 
havior is also shown in Figure 1. At low 
uranium levels, oxygen in the zirconium 
melting stock appeared to have no 
adverse effect on corrosion behavior. 
However, for any alloy above 22 weight 
percent uranium, the corrosion rate 
increased with increasing oxygen con- 
tent. 

The effect of temperature on corro- 
sion behavior of the epsilon phase 50 
weight percent uranium alloy is shown 
in Figure 2. Values for 500 F water ex- 
posure did not fall on the plotted curve, 


indicating the possibility of a change in 
reaction mechanism at this temperature. 
No attempt was made to investigate 
this change in mechanism. Although 
the corrosion rates varied with oxygen 
content of the zirconium, the slope of 
the temperature dependency plot was 
the same for each zirconium melting 
stock. Temperature-depending plots of 
essentially the same slope were obtained 
for all alloys containing 22 to 60 weight 
percent uranium. In crystal-bar base 
alloys containing up to 15 weight per- 
cent uranium, the slope of the tempera- 
ture dependency plot was steeper than 
those for the sponge or high-oxygen 
sponge-base alloys. This effect is shown 
for 7 weight percent uranium alloys in 
Figure 3. 


Discussion 

The corrosion behavior of these zir- 
conium-uranium alloys can be explained 
on the basis of the equilibrium phases 
present in the alloys. Alloys containing 
45 to 55 weight percent uranium should 
corrode as single-phase epsilon unless 
there is sufficient oxygen in the alloys 
to cause the formation of alpha zircon- 
ium and alpha uranium in the structures. 
Alloys of less than 45 weight percent 
uranium contain alpha zirconium and 
epsilon, and the amount and distribution 


Figure 9—Photomicrograph of sponge zirconium—30 weight percent uranium 
alloy exposed 3700 hours in 680 F water. Note random dispersion of alpha 
zirconium in epsilon and uniform attack at surface. 250X. 


of the two phases should determine cor- 
rosion behavior. Alloys with more than 
55 weight percent uranium contain alpha 
uranium and epsilon (plus alpha zircon- 
ium at high-oxygen levels), and the 
amount and distribution of these two 
phases should control corrosion be- 
havior. 


Epsilon-Phase Alloys. Zirconium al- 
loys containing approximately 45 to 55 
weight percent uranium should be sin- 
gle-phase epsilon. However, the pres- 
ence of up to 0.3 weight percent oxygen 
in these alloys affects the range of the 
epsilon phase and results in the forma- 
tion of some alpha zirconium and alpha 
uranium in the 55 weight percent alloys 
and the formation of alpha zirconium 
and uranium enrichment of the epsilon 
in the 45 and 50 weight percent alloys.” 
Increased corrosion rates with increas- 
ing oxygen content can be attributed to 
uranium enrichment of the epsilon phase 
in 45 and 50 weight percent alloys, and 
to the presence of alpha uranium in 
55 weight percent uranium alloys. The 
effects of oxygen in increasing the 
amount of alpha zirconium in the micro- 
structure is evident in the photomicro- 
graphs of 50 weight percent uranium 
alloys presented in Figure 4. 


Alloys Containing Alpha Zirconium 
Plus Epsilon. Alloys with less than 45 
weight uranium contain epsilon plus alpha 
zirconium. At approximately 30 weight 
percent uranium, the equilibrium vol- 
ume percentages of the two phases are 
equal. Alpha zirconium is the predomi- 
nant phase below 30 weight percent 
uranium and epsilon is the predominant 
phase above 30 weight percent uranium 
(at low-oxygen levels). Dispersion of 
the two phases in the microstructure 
could play an important role in deter- 
mining corrosion behavior, since alpha 
zirconium is much more corrosion re- 
sistant than epsilon. For example, if it 
is assumed that, in the alloys studied, 
epsilon is the matrix and completely 
surrounds the alpha zirconium, weight- 
loss rates can be calculated based on the 
rate of penetration of the epsilon phase 
and the density of each alloy. Corrosion 
rates should fall within limits, as calcu- 
lated from the corrosion rates of epsilon 
of 45 weight percent and 55 weight per- 
cent uranium composition. Figure 5 is 


417t 








CORROSION—-NATIONAL ASSOCIATION OF CORROSION Vol. 14 





ENGINEERS 


pet eee ve % 
4 tre %. my . : a | 










x 
ON Oy SS 





om 





























































































































































































































































































































































































































































































a plot of these limits and observed cor- 
rosion rates in 680 F water. Results at 
other temperatures are similar. It can 
be seen that, with crystal-bar-base al- 
loys, only the rates for the 45 to 55 
weight percent alloys fall within the 
limits, whereas the rates for all sponge 
and high-oxygen sponge-base alloys 
above 30 weight percent uranium fall 
within the limits. The corrosion rate for 
the sponge base 15 weight percent urani- 
um alloy also falls within these limits. 
Close examination of the microstructure 
of this alloy presented in Figure 6 re- 
veals that the laminar alpha zirconium 
appears to be completely surrounded by 
epsilon, thus accounting for its abnor- 
mally high corrosion rate, 

In alloys containing less than 30 
weight percent uranium, alpha = zirco- 
nium occupies the larger volume and ap- 
parently is sufficiently continuous to re- 
tard corrosion. Photomicrographs of 7 
weight percent uranium alloys in Figure 
7 show the presence of epsilon in an 
alpha zirconium matrix. With increas- 
ing uranium, the amount of epsilon 
phase increases and, hence, the corro- 
sion rates increase. Above 30 weight 
percent uranium epsilon should be the 
matrix phase. However, the crystal-bar- 
base alloys above 30 weight percent 
uranium contained alpha zirconium at 
the grain boundaries and in the form of 
needles which apparently offered some 
resistance to attack. This is illustrated 
in the photomicrograph of a corrosion- 
tested crystal-bar base—30 weight per- 
cent uranium alloy in Figure 8. It can 
be seen that attack is penetrating into 
the body of the grain, but is retarded 
along the grain boundaries. This type 
of attack resulted in a roughened sur- 
face on the 30 and 40 weight percent 
uranium-crystal-bar base alloys. On the 
other hand, alpha zirconium was_ ran- 
domly distributed in an epsilon matrix 
in 30 and 40 weight percent uranium- 
sponge and sponge-oxygen-base alloys. 
The attack on these samples was more 
uniform and apparently occurred in the 
epsilon and bypassed the alpha zirco- 
nium. A photomicrograph of a corrosion- 


Figure 11—Photomicrograph of sponge zirconium—70 weight percent uranium 
alloy exposed 1176 hours in water at 500 F. Note needles of alpha uranium and 
selective attack dislodging pieces of unoxidized metal. Original magnification, 
500X; actual magnification after reduction for engraving purposes, 440X. 
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tested sponge base—30 weight percent 
uranium alloy is presented in Figure 9. 
In Figure 10 are photomicrographs of 
the sponge and high-oxygen sponge 
base—22 weight percent uranium alloys 
which alternately gained and lost weight. 
The finely divided microstructure of 
these alloys may be responsible for the 
growth of an adherent film which sub- 
sequently breaks up and spalls. 


Alloys Containing Alpha Uranium 
Plus Epsilon. Zirconium alloys of more 
than 55 weight percent uranium content 
consist of epsilon plus alpha uranium 
and alpha zirconium, if oxygen is pres- 
ent in the alloy. The high-temperature 
water corrosion resistance of alpha ura- 
nium is extremely poor with a reported 
weight loss in excess of 6000 mg/(cm’) 
(hr) at 600 F.% Since epsilon corrodes 
at a rate of —0.2 mg/(cm’) (hr) in 680 
F water, it is obvious that the amount 
and distribution of alpha uranium in the 
microstructure would control corrosion 
behavior. The quantity of alpha ura- 
nium in the 70 weight percent alloys 
accounts for their rapid failure in water 
above 550 F. The nature of the attack 
is shown in Figure 11 which shows a 
photomicrograph of a sponge base—70 
weight percent uranium alloy exposed 
1176 hours in 500 F water. The corro- 
sion process has encircled and isolated 
areas of epsilon which are then dis- 
lodged from the surface. Attack in the 
60 weight percent alloys occurred pref- 
erentially in the alpha uranium at the 
grain boundaries as shown in Figure 12. 


Conclusions 
1. The corrosion rate in high-temper- 
ature water of annealed and _ furnace- 
cooled zirconium uranium alloys 
increases with increasing water temper- 
ature, increasing uranium content, and 
increasing oxygen content. 


2. The corrosion rate of annealed and 
furnace-cooled alloys containing up to 
55 weight percent uranium is dependent 
upon the amount and distribution of 
epsilon phase in the alloy. The amount 
of alpha uranium controls the corrosion 





Figure 12—Photomicrograph of crystal-bar zirconium base—60 weight percent 

uranium sample exposed 1850 hours in 680 F high-purity water. Note attack 

in alpha uranium at grain boundaries. Original magnification, 500X; actual 
magnification after reduction for engraving purposes, 440X. 





behavior of alloys containing more than 
60 weight percent uranium. 

3. Increase in corrosion rates with 
increasing oxygen in alloys in the ep- 
silon composition range of 45 to 55 
weight percent can be correlated with 
the effect of oxygen on the stability of 
the epsilon phase. Microstructures re- 
veal an increase of a second phase (al- 
pha zirconium) with increasing oxygen 
content, 
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Corrosion and Water Purity Control 


~ For the Army Package Power Reactor 


By RICHARD J. CLARK* and A. LOUIS MEDIN** 


Introduction 

HE ARMY Package Power Reactor, 

usually referred to as the APPR-1 
(Figure 1), is located at Port Belvoir, Vir- 
ginia. It is a nominal 10 MW heat re- 
actor producing about 2000 KW of elec- 
tricity. The plant, designed, constructed 
and operated by Alco Products, Inc., is 
based on an original conceptual design 
by Oak Ridge National Laboratory. It 
has been on the line since April, 1957. 

Since the APPR-1 is a_ pressurized 
water reactor, high purity water is used 
both as coolant and moderator. As 
shown in Figure 2, 1200 psi water circu- 
lates through the fully enriched UO*-SS 
core at the rate of 4000 gpm. During 
this process the water is heated to 450 
F and then passes through a vertical U- 
tube steam generator. By the exchange 
of this heat to the secondary system the 
coolant temperature is reduced to ap- 
proximately 430 F before being returned 
to the reactor. A by-pass purification 
system containing two ion exchangers 
and a filter is used to prepare and main- 
tain water purity. 

The major material of construction 
for all components in the primary sys- 
tem is AISI Type 304 stainless steel. 
Unlike other pressurized water reactors 
which are presently in operation, even 
the fuel elements are clad and alloyed 
with Type 304L stainless. Minor ma- 
terials of construction include stellite, 
17-4 PH, Type 410 stainless, Haynes-25 
alloy, etc. 


Design Considerations 

One of the advantages of water as a 
reactor coolant is that the radioactive 
species formed by the interaction of 
neutrons and oxygen are short-lived 
(e.g., O8(n-p)N"). Were it not for the 
presence of radioactive corrosion prod- 
ucts in the coolant stream, water would 
not present a radioactivity problem for 
any length of time after shutdown. 

The effect of radiation introduces a 
parameter upon water chemistry which 
is foreign to conventional systems. Radi- 
ation promotes some chemical reactions 
of great importance. It may simplify 
corrosion control, as will be shown for 
the case of oxygen removal or it may 
promote the formation of objectionable 
substances, such as acids which aggra- 
vate the corrosion problem. Maintaining 
an alkaline pH or use of a corrosion in- 
hibitor is influenced by considerations 
of induced radioactivity, radiation de- 
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Energy Engineering, Alco Products, Inec., Sche- 
nectady, N. Y. 
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Corp., Pittsburgh, Pa. 


composition or nuclear reactions, as well 
as thermal stability. 

The corrosion problem in the APPR-1 
primarily resolves itself into the reaction 
of stainless steel with high purity water 
at elevated temperatures. Much effort 
has been expended over the past eight 
years in determining the behavior of 
stainless under these conditions. The 
relative importance of some of the vari- 
ables affecting the corrosion rate of this 
material will be discussed, along with 
the results of efforts at controlling these 
variables in the APPR-1. 


Purification System Design 

In conventional power and utility 
plants the purity of the boiler water is 
controlled by a continuous schedule of 
blowdown and makeup. The same prin- 
ciple was followed in design of the puri- 
fication system for the APPR-1. A small 
portion of water is continuously with- 
drawn from the main primary system, 
purified by mixed bed demineralizers, 
and reintroduced as makeup. 

As shown in Figure 2, primary cool- 
ant enters the purification system at 
approximately 430 F and 1200 psi. The 
temperature is reduced to about 100 F 
in a heat exchanger to protect the de- 
mineralizer resins from thermal damage. 
A motor-operated throttling valve re- 
duces the pressure to less than 100 psi 
before the water passes through one of 
two mixed bed demineralizers. Demin- 
eralizer influent also includes a_ small 
amount of control rod seal leakage 
water, and as required, make-up con- 
densate to replace sampling losses.: A 
porous stainless steel filter downstream 
of the demineralizers serves to collect 
any resin fines leached from the bed. 

The purified water is collected and 
stored in a 5000 gallon stainless steel 
tank from which it is recirculated to the 
primary system and control rod seals 
by one of two positive displacement 
pumps. A hydrogen blanket is main- 


1—Photograph of Army Package Power 
Reactor No. 1 


Figure 


39 


Abstract 
The Army Package Power Reactor is a 
10 MW as rated system designed to 
produce 2000 KW of electricity. The re- 
actor, which has been in operation since 
April, 1957, is a pressurized water sys- 
tem. Problems facing the designer of 
such a system in the fields of corrosion 
and water purification are presented. A 
complete description of the primary puri- 
fication system is included, along with 
performance data on individual compo- 
nents. The 2 cubic foot demineralizer 
has performed very satisfactorily, con- 
sistently maintaining coolant resistivity 
above 600,000 ohm cm. Primary coolant 
pH generally has averaged about 7.5-8.5, 
depending on the amount of in-leakage 
into the primary system. Operation of the 
purification system has required only 
minimal attention with even hydrogen 
control being self-regulating. The experi- 
mental in-plant equipment for determin- 
ing crude levels, corrosion rates, and 
other related parameters, are described. 
Although still preliminary, it appears 
that the corrosion rate of system com- 
ponents has been lower than the origi- 
nally estimated .05 mg/cm?/mo. 8.4.5 


tained over the water in the tank to 
prevent air in-leakage and to introduce 
sufficient hydrogen into the water to 
suppress dissociation of the coolant. 
Regulating valves are set to maintain a 
hydrogen concentration of 28-30 cc/kg 
in the coolant. 

The make-up tank is different from 
normal storage tanks in another respect. 
$y extending the inlet pipe well into 
the center of the tank and enclosing 
this with a retention chamber, influent 
water is held-up at least eight hours 
before mixing with the bulk of water 
in the tank. Having the delaying cham- 
bers in the center utilize the main body 
of water for shielding in case activity 
leaches through the demineralizers. 

A low pressure hydrogen blanket also 
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Figure 2—Simplified flow diagram of APPR-1 pri- 
mary system. 
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Figure 3—Filter pickup during APPR-1 in-place 
cleaning. 


is maintained over the seal leakoff col- 
lection tank to exclude air. Due to de- 
sign restrictions, the blanket pressure is 
maintained within the narrow range of 
2 to 5 psi. 


Precritical Operation 

To ensure cleanliness and the absence 
of any dirt, oil, metal chips, or weld 
splatter, special treatment was given all 
primary system components throughout 
manufacture, assembly, shipment, and 
installation. Particular attention was 
directed at thoroughly degreasing all 
equipment; even during installation, ul- 
traviolet and other techniques were used 
to check this point. Since the latter 
checks disclosed no evidence of oil or 
grease, in-place chemical treatment was 
not deemed necessary. However, to re- 
move dust, debris, or loose weld splat- 
ter, the primary system was filled with 
distilled water, and by means of a port- 
able pump, the latter was circulated 
through a temporary cartridge-type 
filter. Figure 3 shows a photograph of 
the weld splatter and other impurities 
removed on the first run.’ Although not 
appreciable, due to the precautions ob- 
served during fabrication of the system, 
the pieces of metal could have caused 
trouble if not removed. Subsequent runs 
were made, in which sufficient water to 
equal several volume changes was 
passed through new filters, but no ad- 
ditional insolubles were detected. 

Before the reactor went critical, a 
series of non-nuclear tests were per- 
formed with dummy fuel elements in 
the core. Using the pressurizer heaters 
and an auxiliary boiler feeding steam 
to the secondary side of the steam gen- 
erator, the primary system was raised 
to 1200 psi and 450 F. Since oxygen 
was present in the initial fill water, and 
since the initial corrosion film was con- 
sidered very important, hydrazine was 
used after filling and venting to remove 
residual dissolved oxygen, Once the 
oxygen introduced by filling was elimi- 
nated, dissolved oxygen in the coolant 
was easily held below 0.1 ppm. 

The quality of distilled water used for 
initial fill of the primary system was 
rather poor, with a specific resistance of 
about 120,000 ohm-cm and a chloride 
concentration of about 0.5 ppm. During 
hydrostatic tests, the efficiency of the 
purification system was tested, by op- 
erating at normal purification § rates. 
Before the completion of the system 
check-out, resistivity had been raised to 
300,000 ohm-cm and chlorides dropped 
to essentially zero. Demineralizer efflu- 
ent consistently ran 2 to 4 meg-ohm- 
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Figure 4—Hydrogen concentration in primary make- 
up tank and circulating system 


cm, and system pH remained relatively 
constant,? in the range of 6.2 to 6.8. 


Plant Start-Up and Operation 

At the completion of the dummy core 
tests, the primary system was drained 
and refilled with demineralized water. 
Hydrazine was again added _ before 
startup to remove any dissolved oxygen. 
As the reactor power increased, hydra- 
zine addition was suspended and hydro- 
gen was introduced to the system to 
maintain zero oxygen residual. 


Hydrogen Control 

Hydrogen control in the system was 
excellent and easily maintained. Aside 
from corrosion product hydrogen, the 
gas was added only to the primary 
make-up tank, reaching the primary sys- 
tem in the-water added as make-up. 
Figure 4 shows the rapidity with which 
the hydrogen concentration in the sys- 
tem reached equilibrium with the con- 
centration in the tank. Maintaining an 
approximate gage reading of 20 to 25 
psig from the hydrogen feed tank was 
adequate to maintain a hydrogen con- 
centration of about 30 cc/kg of water. 
The effectiveness of the hydrogen was 
proved in that oxygen has been essen- 
tially undetectable during extended 
plant operation, 


Chloride Control 

The control of chlorides was never a 
problem. The initial fill water analyzed 
less than 0.1 ppm, and daily analyses 
have never exceeded this value. ' 


Oxygen ( ontrol 

Since most of the corrosion products 
are oxides, dissolved oxygen would be 
suspected of increasing the corrosion 
rate. Experience with conventional boiler 
water systems certainly has shown the 
necessity of controlling oxygen below 
0.05 cc/kg in order to minimize service 
failures and excessive replacement of 
parts. Although examination of data 
obtained from specimens in dynamic 
loops shows discrepancies, oxygen in 
the concentrations found in the system 
apparently does not appreciably affect 
the corrosion rate of Type 304 stainless 
steel.” Oxygen, however, does have a 
marked effect on the water chemistry, 
the corrosion product release rate and 
localized corrosion, such as pitting and 
crevice corrosion. The latter is particu- 
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Figure 5—Correlation between Oz and NH: in 
primary coolant. 


larly undesirable since it produces large 
amounts of corrosion product at the 
mouth of a crevice which, in applica- 
tions involving moving parts with small 
clearances, could cause excessive wear 
or complete seizure. 

No evidence has resulted to indicate 
that oxygen is entering the 5000-gallon 
storage tank. However, the hydrogen 
blanket pressure of 2-5 psi on the seal 
leak-off tank has not been completely 
effective, inasmuch as effluent water 
from this tank has contained up to 
2.5-3.1 ppm of dissolved oxygen. Since 
the seal leakage water is processed 
through the demineralizers and returned 
to the system as part of the make-up 
water, any oxygen in this water will be 
introduced into the primary coolant. 
Because of this in-leakage and/or ana- 
lytical error, the oxygen content of the 
make-up water has been approximately 
0.01-0.03 ppm. The recombination reac- 
tion is so rapid, however, that oxygen 
has been essentially undetectable during 
full power operation in the main pri- 
mary coolant. 

Due to radiation synthesis, this in- 
leakage produces about 0.01 ppm of 
ammonia in the primary coolant. The 
latter, in turn, has been partly respon- 
sible for the slightly alkaline pH (7.5- 
8.5) detectable in the primary water. 


pH Control 

High pH (10 to 11) is generally con- 
sidered to have a beneficial effect in re- 
ducing the quantity of corrosion products 
released in a stainless steel system. 
Primary coolant pH has generally been 
about 7.5-8.5 due to ammonia. The am- 
monia has been attributed to air in- 
leakage discussed previously, being syn- 
thesized from nitrogen and hydrogen by 
radiation. Figure 5 indicates that a cor- 
relation between the oxygen concentra- 
tion and ammonia formation may exist. 
Generally, if the oxygen concentration 
in the coolant is higher than normal, 
such as at startup or during training and 
test periods, the ammonia concentration 
has also increased. 

Demineralizer effluent is normally 
6.1-6.5. Slightly lower values have been 
detected on occasion, but this has been 
attributed to the manner in which pH 
is measured and the possibilities of car- 
bon dioxide absorption in the open 
beaker, 
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An extensive test program is under- 
way to determine the effect of pH on 
deposition, crud levels, and system ac- 
tivity. However, any data available at 
this time are too preliminary to indicate 
the role pH plays~*in an all-stainless 
steel system. 


Demineralizer Operation 


The demineralizers have performed 
very satisfactorily. During the first half 
year of full power operation, the specific 
resistance of the primary system con- 
sistently has exceeded 600,000 ohm-cm, 
uncorrected for the presence of hy- 
droxyl ion and ammonia. Resistivity of 
the ion exchange effluent usually ex- 
ceeded 2 meg-ohm-cm. Measurements 
were made with a dip-type cell in an 
open beaker and the actual resistivity 
probably was higher than the measured 
values. 

One of the major functions of the 
demineralizers is to remove radioactive 
nuclides from the water. Since the resins 
function both as a filter and an ex- 
changer, the bulk of activity should be 
removed whether it is present as dis- 
solved or suspended material in the 
water. Therefore, a valid measure of de- 
mineralizer efficiency is the decontami- 
nation factor or ratio of radioactivity in 
the influent to the effluent, both cor- 
rected to time of sampling. Efficiencies 
across the demineralizer were deter- 
mined by sampling both the influent 
and effluent at the same time, counting 
both samples 30 minutes after sampling, 
and correcting to the instant of sam- 
pling. 

The mixed bed demineralizers consist 
of a mixture of strong sulfonic acid type 
resin in the H* cycle and a strong basic 
type resin in the OH™ cycle. Bed depth 
on the units is 36 inches. Flow loadings 
generally have been low, even less than 
1 gpm/ft? of bed surface. 

A single demineralizer has been used 
for over nine months operating time. 
The effluent has continuously exceeded 
2M ohm-cm resistivity, even when meas- 
ured with a dip-type cell in an open 
beaker. As an ion-exchange unit it has 
functioned very efficiently and accord- 
ing to expectations. As a crud filter, the 
resin bed also has functioned efficiently, 
but not entirely as expected. When plot- 
ting decontamination factors across the 
demineralizer, it was envisioned that a 
straight line parallel to the abscissa 
would continue until the resin was ex- 
hausted, at which time it would drop 
sharply. This has not been the case. As 
can be seen in Figure 6, decontamina- 
tion factors have been decreasing with 
time.‘ 

The top line is the decontamination 
factors obtained by gross activity counts 
30 minutes after sampling. The bottom 
line was obtained by correcting each 
sample to the instant of sampling. Each 
demineralizer effluent sample has had to 
be corrected by its own decay curve, since 
these have displayed a non-reproducible 
decay pattern. There is no apparent ex- 
planation for this behavior. Although 
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DECONTAMINATION FACTORS ACROSS DEMINERALIZER 


Figure 6—Comparison of average DF’s measured 30 minutes after sampling and true DF’s extrapolated to 
time of sampling. 


quite hard to measure in low concentra- 
tions, decontamination factors have been 
determined for individual nuclides in an 
attempt to find an answer. Due to the 
time interval, these determinations have 
been primarily on longer-lived nuclides, 
such as Co,® Co,” Cr,” and Mn.™ These 
have varied considerably, probably due 
to analytical error, but have furnished 
no basis for explanation. 

It was thought at first, that the non- 
reproducible decay patterns on demin- 
eralizer effluent might be due to chan- 
neling or desorption of monovalent ions 
from the resin. A demineralizer that had 
been operated for about two months 
and subsequently taken off-stream due 
to a leaky weld was examined by taking 
pint samples from throughout the bed. 
The particulate crud was washed off the 
resin at The Oak Ridge National Lab- 
oratory and the resin and metallic activity 
measured. Preliminary data are shown 
in Table 1. Future analyses on other 
demineralizers in conjunction with in- 
plant tests at varying purification flow 
rates may help to explain the role of 
both the purification system and de- 
mineralizer in maintaining water purity, 
and the inter-relationship between sys- 
tem activity, corrosion and fouling, and 
crud deposition on system surfaces. 


Corrosion Products 


Chemical analysis for corrosion prod- 
ucts circulating in the system indicated 
that minor amounts of iron, chromium, 
nickel, manganese, or cobalt were pres- 
ent. Analysis by colorimetric methods 
on samples concentrated 10-fold by evapo- 
ration showed only iron. As shown in 
Table 2, iron concentration varied from 
about .01 to .05 ppm, averaging 0.03 ppm 
over the first six months. Also shown 
in the same table are representative 
analysis on total dissolved solids. On 








2.8x 5 x 107 | 
Wd csee ance | 1.1x 107 2.1 x 107 | 
ae | 2.7 x 106 1.4 x 107 
C069. 1.8 x 106 1.1 x 107 














TABLE 1—ORNL Analysis of APPR-1 Demineralizer Resin 
RESIN ACTIVITY, dpm/gm METALLIC ACTIVITY, dpm/gm 
Nuclide | Top Middle | Bottom Top Middle Bottom 


; 1.7x 12x 4.4 x 107 

8 x 107 7.9 x 108 6.7 x 108 2.8 x 108 
5 x 106 4.6 x 108 3.6 x 108 1.8 x 108 
x 106 3.8 x 108 2.8 x 108 1.5 x 108 


samples concentrated by a factor of 20 
to 40, total solids have been less than 
2 ppm, averaging slightly under 1.0 ppm. 


Corrosion and Activity Test Program 


To reduce operational and mainte- 
nance problems, it is important that 
transport, activation, and deposition of 
corrosion products on primary system 
components be minimized. Operating 
experience with all pressurized water re- 
actors has shown that long-lived radio- 
activity builds up on primary system 
surfaces with increased reactor operat- 
ing time. Considerable effort is being 
devoted to the problem at several re- 
actor installations, and as a result, a 
great deal of information has been 
obtained on the corrosion and activity 
problem. However, considerably more 
data will be required to completely un- 
derstand all facets of the activity trans- 
port phenomena. 


Pipe Samples 

Specimens of piping removed from 
various locations in the primary system 
have been submitted to visual, metal- 
lographic, chemical, and radiochemical 
analysis. Visual examination has shown 
only a thin, tightly adherent, brownish 


TABLE 2—Corrosion Products* in APPR-1 
Primary Coolant 








| Total | 
Dissolved | | | 
Date Solids | Fe Ni | or | Mn 
SS eS ee | 
4/12 | 65 .003 0 0 | 0 
4/14 | 81 025 | . | 
4/16 85 05 | 
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6/5 | 54 057 
6/7 | 1.4 
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9/18 | 81 3 
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*In ppm. 
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Figure 7—Photomicrograph of pipe sample removed 

from APPR-1 primary system. Original magnification, 

500X; actual magnification after reduction for en- 
graving purposes, 300X. 





























Figure 10—Specimen holder. 


film. A 30-inch piece of l-inch, Schedule 
80, Type 304 stainless steel pipe was re- 
moved from the purification system up- 
stream of the blowdown cooler after 
eight months of reactor operation. Prior 
to removal, the section of pipe read 90 
mr/hr, as measured by a cutie pie held 
in contact with the outer surface. Visual 
observation disclosed no evidence of pit- 
ting or loosely adherent material on the 
surface, The corrosion product film was 
brownish in color, with only a faint in- 
dication of any black oxide. The pipe 
was cut into various lengths for analy- 
sis, part being sectioned into 1-inch long 
specimens for reinsertion into the sys- 
tem. After two days time, these 1-inch 
sections had decayed so that the cutie 
pie gave readings of only 30 mr/hr and 
39 mrad/hr at 3 inches on the closed 
and open window readings. Every two 
to four weeks, one of these pipe sections 
has been removed for examination. 
Metallographic examination of the 
pipe samples has not disclosed much 
more than visual examination. Part of 
the pipe referred to above was polished, 
etched, and examined with a B & L 
Research Metallograph at magnifica- 
tions up to 1000 diameters. As shown 
in Figure 7, only a very thin oxide scale 
was evident when the specimen was 
etched in oxalic acid and examined at 
500 diameters. To determine if foreign 
material was deposited in the surface 
seams of the pipe, the section was ex- 
amined at 1000 diameters. Figure 8 
shows the photomicrograph at this mag- 
nification; the seams were filled with 
oxide scale but there was no evidence 
of crud deposition in the seams. 
Previously, the many small seams 
produced in the seamless pipe during 
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Figure 8—Photomicrograph of pipe sample removed 

from APPR-1 primary system. Original magnification, 

1000X; actual magnification after reduction for en- 
graving purposes, 600X. 
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Figure 11—Test specimens and crud probe exposed 
to reactor inlet water. 


fabrication had been suspected of trap- 
ping crud and contributing to the activ- 
ity levels mentioned previously. As illus- 
trated by Figure 9, a photomicrograph 
of the same pipe at 100 diameters, seams 
are readily available. For comparison 
purposes, unused sections of the same 
pipe were similarly examined, but no 
appreciable differences were evident. 
The seams were filled with scale to the 
same extent as those in the in-plant 
specimens. A small amount of surface 
scale had been removed from the in- 
plant specimens by the erosive action 
of the water, but, otherwise, control and 
test specimens have been essentially 
similar. These and similar results on 
crud filters and specimens lend credu- 
lence to the fact that an atom exchange 
phenomena is occuring throughout the 
system. However, more data are needed 
to confirm this. 


Steam Generator 


To study corrosion-erosion and depo- 
sition, a section of the Type 304 stain- 
less steel baffle plate in the steam gen- 
erator water box was removed for ex- 
amination after seven weeks of reactor 
operation. As measured with a_ cutie 
pie, the baffle plate read 280 mr/hr. Ex- 
amination disclosed results similar to the 
pipe samples discussed previously—the 
brownish corrosion product film was 
tightly adherent, with no evidence of 
erosion or deposition, 


Metal Test Specimens 

To determine corrosion and deposi- 
tion rates on various materials of con- 
struction, metal coupons were inserted 
in the primary system. The original 
specimen holders are similar to those 
fabricated for the high temperature, high 
pressure corrosion test loops at Alco 
and most other organizations. As shown 
in Figure 10, the’ holders consisted of 
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Figure 9—Photomicrograph of pipe sample removed 

from APPR-1 primary system, Original magnification, 

100X; actual magnification after reduction for en- 
graving purposes, 60X. 





TABLE 3—Cutie Pie Readings at a Distance 
of Three Inches 


j 
Upstream | Downstream 








105 mr/hr | 61 mr/hr 
120 mrad/hr | 180 mrad/hr 


Over 304 specimens 


Over 16-1 and carbon 
steel specimens 


| 240 mr/hr | (64 mr/hr 
475 mrad/hr | 190 mrad/hr 






eight separate pieces, excluding the 
screws. While this design was satisfac- 
tory for non-radioactive work, it proved 
very unhandy when both the holders 
and specimens were contaminated and 
had to be handled with rubber gloves. 
Several improved designs have been 
made, and additional redesigning is con- 
tinuing to develop a cheap, easy-to-use 
holder that has the desired flow and 
velocity patterns with minimum possi- 
bility of erosion or galvanic couple 
problem. 

The specimen holders have been in- 
serted at various locations in the pri- 
mary system. Figure 11 illustrates a 
typical set-up in the vapor container. 
Shown to the far right is a section of 
the reactor inlet piping. The specimen 
holders are inside the flanged holders. 
A by-pass 45 square-inch cylindrical 
crud probe, turbine-type flowmeter and 
associated solenoid valves also are visible. 

To date, only four materials have 
been tested. Type 304 stainless steel, 
Croloy 16-1, low manganese A-212-B, 
and a general carbon steel. Every two 
to four weeks, depending on reactor op- 
eration, a specimen of each type has 
been removed and replaced with a new 
coupon. As yet, insufficient time has 
elapsed to permit any quantitative com- 
parison of corrosion and deposition 
rates. On the original samples, however, 
it has been possible to formulate some 
tentative observations and conclusions. 

Visual observations alone have dis- 
closed several interesting points. Figures 
12 and 13 illustrate results typical of 
observations found for most specimens. 
These samples were removed after ex- 
posure for about 1200 hours to primary 
coolant upstream and downstream of 
the purification cooler. Temperatures of 
the water were 432F and 105F respec- 
tively. As far as has been determinable, 
this water is similar in composition to 
that circulating through the main pri- 
mary system. Removal time for the 
specimens exposed to 432 F water was 
approximately 32 hours after shutdown; 
the downstream samples were removed 
35 hours after shutdown. For these par- 
ticular specimens, upstream of the cooler 
the water flowed past the 16-1 and car- 
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CARBON STEEL CROLOY [6-1 


Figure 12—Specimens exposed to 432 F primary coolant for 1200 hours. 


bon steel specimens before passing over 
the 304 coupons; downstream of the 
cooler this pattern was reversed. 

When the holders were opened, cutie 
pie readings at 3 inches are shown in 
Table 3. 

Stainless steel specimens had a light 
brown tightly adherent oxide film; how- 
ever, contrary to expectations, the color 
of the film on specimens exposed to the 
higher temperature generally has not 
been as dark as on those exposed at 
lower temperatures. Crud deposition on 
upstream samples always has completely 
blackened the 16-1 and carbon steel 
specimens and has been very much in 
evidence on the 304 coupons. On down- 
stream samples, crud deposition has 
been heavier on the 16-1 and carbon 
steel than on the 304, but the metal is 
visible. As may be seen by examining 
the carbon steel specimen in Figure 13, 
the flow pattern is quite visibly out- 
lined by the deposited crud. These pho- 
tographs were made after the specimens 
had been wrapped and shipped from Ft. 
Belvoir to Schenectady and, unfortun- 
ately, the crud deposition patterns had 
been rubbed off by the filter paper in 
which each specimen is wrapped. When 
the specimens are first removed, the de- 
posited crud clearly outlines the flow 
patterns—even on the upstream coupons 
that are entirely covered. 


HIGH PURITY WATER SYMPOSIUM 


TYPE 3045S 


Of the specimens removed to date, 
there has been no evidence of galvanic 
effect where the 16-1 or carbon steels 
contact the Type 304 stainless holder 
nor has any evidence of pitting or ero- 
sion been apparent. Weight gains and 
descaled weight losses are determined 
for each specimen removed; results to 
date have not disclosed any unexpected 
results. 


Conclusion 

Operation of the APPR-1 over the 
past year has provided considerable in- 
formation on the relationship between 
circulating corrosion product activity, 
system activity, and purity of the reac- 
tor coolant. Except for a small in-leak- 
age of air into the make-up water, the 
purification system has exceeded design 
intent. Continuously removing about 0.07 
percent of the total primary flow, pass- 
ing it through a mixed bed demineral- 
izer and reintroducing it as makeup has 
been sufficient to minimize corrosion 
and its associated problems of deposition 
on heat transfer surfaces and system 
activity. 

From all indications, it appears that 
the corrosion rate of system components 
has been less than the originally esti- 
mated 5 mg/dm*/mo. The mixed bed 
demineralizers have been effective not 
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Figure 13—Specimens 


CROLOY 16-1 TYPE 304SS 


exposed to 120 F primary coolant for 1200 hours. 


only as ion exchangers and crud filters, 
but also have demonstrated their ability 
to remove activity from the water. Al- 
though extensive investigations are in 
progress to determine the effect of puri- 
fication system operation on corrosion 
and circulating crud activities, results 
to date are inconclusive. From the pro- 
posed studies, attemps will be made to 
relate water purity requirements—during 
both normal operation and local boiling 
conditions—with deposition on _ heat 
transfer surfaces, specific activity of the 
crud, and general crud levels through- 
out the system. There are indications, 
however, that the purification system 
does not have an opportunity to remove 
all circulating crud but competes with 
primary system surfaces. 
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Removal of Corrosion Products From High Temperature, 
High Purity Water Systems With an Axial Bed Filter 


Introduction 

HE OPERATING experience 
gained to date with both full scale 
pressurized water nuclear plants and 
in-pile loops used for fuel irradiation 
tests has emphasized the importance of 
controlling corrosion products in high 
temperature water coolant, The purifica- 
tion problem associated with the cor- 
rosion product removal is two-fold. The 
concentration of corrosion products in 
the coolant must be held to levels which 
will not result in excessive deposition 
on fuel surfaces or close moving com- 
ponents, and the radioactive corrosion 
product nuclides with long half-lives 
must be removed to prevent the buildup 

of excessive long-lived radioactivity. 
The experience and measurements ob- 
tained from in-pile loop fuel irradiation 
and plant operation has shown 
maintenance of corrosion product 
concentrations below one or two parts 
per million will result in trouble-free 
operation of close moving components 
such as control drive mechanisms and 
negligible increase in fuel temperature 
due to corrosion product deposits. The 
problem of minimizing the buildup of 
long-lived radioactivity through coolant 
purification is not fully understood. The 
buildup of long-lived radioactivity re- 
sults from the deposition of corrosion 
product nuclides such as Cobalt” with 
a 5.3 year half-life on the inner surfaces 
of the coolant piping and in stagnant 
piping configurations. This radioactivity 
is not important during plant operation, 
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but makes maintenance and repair work 
difficult after the plant has been shut- 
down. Concentrating as much of the 
long-lived nuclides as possible in a 
shielded purification unit may act to re- 
duce the accumulation of long-lived ac- 
tivity in the remainder of the system. 

Present operating pressurized water 
plants all utilize mixed anion and cation 
exchange resin for affecting coolant 
purification. The ion exchange resin has 
shown good efficiencies for removing 
the corrosion products in the coolant 
passing through the bed. The use of 
ion exchange resin for coolant purifica- 
tion in large systems has two disadvan- 
tages. The first disadvantage is the poor 
thermal resistance of the mixed resin, 
making it necessary to cool the influent 
to the ion exchange resin to 120-130 F. 
Since most pressurized water plants op- 
erate at temperatures around 500 F, size- 
able heat exchange equipment can be 
required depending upon the _ purifica- 
tion flow rate. Temperature monitoring 
and protective devices are required to 
prevent accidental overheating of the 
resin. 

The second disadvantage of ion ex- 
change purification is the relatively high 
cost associated with the resin. Since the 
resin becomes severely contaminated 
with long-livéd radioactivity, regenera- 
tion has not been considered practical 
and new resin must be added every few 
months. 

This paper describes the application 
and testing of an axial bed filter con- 
taining low cost magnetic iron oxide 
for effecting the normal coolant puri- 
fication in large pressurized water 
plants at operating temperatures. Con- 
current testing of similar units also has 


Abstract 


The concentration of corrosion products 
and other impurities which produce un- 
desirable radionuclides must be main- 
tained at extremely low values in the 
primary coolant systems of nuclear power 
plants to keep the resulting dose rate be- 
low certain maximum values, This has 
been normally accomplished in the past 
by low temperature ion exchange of the 
pressurized water coolant. 
Development of an axial bed filter 
which can remove radioactive corrosion 
products from high purity pressurized 
water coolant at operating temperatures 
is described. 8.4.5 


been carried out by the Westinghouse 
Atomic Power Department.’ 

The selection of magnetite as a puri- 
fication media for high temperature, 
high pressure water systems was based 
on tests of natural magnetite, alumina, 
zirconia, graphite, rutile (TiOz) and a 
mixture of iron oxide and alumina by 
Westinghouse Atomic Products Depart- 
ment and Knolls Atomic Power Lab- 
oratory. Magnetite appeared to be the 
most stable material, demonstrating a 
lesser degree of leaching and exhibiting 
an ability to maintain acceptable low 
crud levels. Simultaneously with the bed 
filter work, an investigation of magnesia 
or magnesium metal as an agent for 
holding the pH of the coolant at a de- 
sired value above 8.0 was carried out. 


Test Apparatus 
Recirculating Loop Description 


Out-of-Pile. Four of the six tests con- 
nected with the bed filter were carried 
out in test facility TF-20, a recirculating 
water loop, — at 2200 psi pres- 
sure and about 550 F temperature. The 


TABLE tomeenpentons of TF- 20 and ae Bed —_— Tests 


c OOL AN’ x 


BED FIL TER 


Insoluble 


| Composition 
By Weight 


“Total: 


Flow, 
Gallons 


| Flow so Loading 
gpm 


gpm | gpm/sq ft Level* ppm 


Temp. 


| 
| 
i 
10 FesOs 83 1.1 


1 Mg 
500 F 0.1 8.1 2300 10 FesO4 es 0.3 
1M 


HB-4 
| g 
(is 5 *-2 265 500 F | | 0.1 8.1 1580 | 10 TiOeg 
| | 1 Me 
10 Fe sa. 
| 1MgO 
20 Fes04 
1 Mg 


HB-3 500F | | O12 | 8.1 3732 | 


HB-2 | TF-2 5 | 500F | [- Oe 8.1 6350 | 10 FesOs 0.5 
| | 1 MgO 


Out of Pile 


400 F 0.2 to 


9.2 to 
560 F ‘ 


— 1} KAPL-: 
ane 2 


In Pile... 








KAPL-: 4980 | 





NOTES: * Insoluble corrosion product level in loop. water. 

TF-20 Bed Filter 1.5 inch diameter, 30 inch deep, volume = 
Material of construction A-106, carbon steel. 

Loop Volume - 3.55 cubic feet. 

Main Loop Piping 1° Schedule 80. 

TF-20 Makeup W. ate r — Demineralized, Deoxygenated. 


KL APL -30 Bed Filter 
Material of Construction 
Loop Volume 

Main Loop Piping 
Makeup Water 


.0307 cu ft. 


= 0131 36 cu. ft. 


= 0.0 0545 cu.ft.: Run 5: 1 inch diameter, 30” deep Volume 


— Run 4:2 inch diameter, 30” deep, Volume = 
— Carbon steel. 

— 9.36 cubic feet. 

— 24%” Schedule 160. 


— Demineralized, Deoxygenated. 
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. Figure 1—TF-20 hot bed filter columns. 
ie 
r 
S facility was constructed of A 106 Grade 
‘ B carbon steel and consists of a heater, 
pressurizer, and a purification circuit. 
r Immersion heaters were used to main- 
i tain the loop temperature and a steam 
. pressurizer at the desired pressure. The 
5 flow through the main loop was about 
17 gallons per minute. Table 1 compares 
the operating parameters for the in-pile 
and out-of-pile tests. 
use The columns in which the tests were 
carried out are shown in-Figures 1 and 
uri- 2. The ten-to-one weight ratio of mag- 
ure, netite to magnesium or magnesia and 
sed rutile (TiO:) to magnesium was con- 
ina, tained in the internal sleeves (with Neva 
1a Clog filter support plate) shown in Fig- 
by ure 2 to simplify charging and removal 
urt- and to reduce the loss of collected crud. 
ab- The flow through the filter was 0.1 gal- 
the lon per minute. The ion exchanger was 
ra used to purify the loop water during the 
ing leaching periods prior to tests. 
ow Insoluble corrosion product and water 
ed samples were obtained using a graphite 
Sia precoated crud filter shown in Figure 
for 3 and a nickel plated vessel, respec- 
de- tively. Details are described in Refer- 
it. ence 2. 

In-Pile. The in-pile facility is also a 
recirculating high temperature, high 
pressure test loop constructed of carbon 
steel. It is located at the Materials Test- 

n= ing Reactor in Idaho. A schematic flow- 
ied sheet is given in Figure 4. Corrosion 
ng and fuel test assemblies can be sepa- 
eS~ rately charged to and discharged from 
he the 3 parallel in-pile channels in the re- 
entrant thimble. The flow through the 
main loop was 105 gallons per minute. 
The by-pass purification system con- 
tains a hot bed filter, and an ion ex- 
change column. Composite insoluble 
corrosion product and water samples 
downstream of the in-pile tube and of 
8 the bed filter were collected using the 





previously mentioned nickel sintered- 





TABLE 2—Hot ICP* Filter Samples 


HIGH PURITY WATER SYMPOSIUM 















Figure 2—TF-20 sleeve and filter body. 


metal, graphite precoated filter and 
nickel-plated vessel. 

The Materials Testing Reactor oper- 
ates in cycles of three week duration. 
During the shutdown time at the start 
of each cycle the loop water normally 
remains circulating (except for mainte- 
nance or changing of test assemblies) 
and a temperature of 300 F is main- 
tained with electrical heaters. 


Procedure 
Out-of-Pile. The magnetite was ob- 
tained from the C. K. Williams and 
Company of Easton, Pa. and had the 
following properties: 
Vendor’s Sample Code: TS-1712-4 
Total Iron as Fe: 71.5 percent 
Magnetite (Fe;O,): 97.5 percent 
Bulk Density: 161 Ibs per cu ft 
Screen Analysis: 
6.1 percent on 40 mesh 
42.7 percent on 50 mesh 
25.0 percent on 60 mesh 
11.8 percent on 70 mesh 
14.3 percent through 70 mesh 
Normally this magnetite was washed 
with demineralized water and_ poured 
into a water-filled sleeve of 1.5 inch 
diameter to a depth of 37 inches. After 
installing the column the loop was op- 
erated with a 0.1 gallon per minute puri- 
fication flow rate passing through the 
conventional low-temperature mixed 
bed, ion exchange resin (Rohm and 
Haas Company XE-169 and XE-78, 
40-70 mesh) until a constant value of 
water specific resistivity was obtained. 


(KAPL—30 Runs 1 and 2) 


Figure 3—Hot corrosion product fiiter. 


In addition at the start of runs HB-4 
and HB-5 bed leaching operations also 
were performed. Following the leaching 
the loop was drained and filled with 
fresh make-up water, When the loop 
had attained normal operating tempera- 
tures, flow was started through the bed 
filter at a rate of 0.1 gpm. Samples of 
water were taken upstream and down- 
stream of the bed filter for measure- 
ment of pH, resistivity and chemical 
composition. The water entering and 
leaving the column was periodically 
sampled for insoluble corrosion product 
and dissolved solids by use of the cor- 
rosion product filter. Analysis of water 
samples was normally done by spectro- 
graphic procedures. 


In-Pile. The magnetite previously 
leached in the out-of-pile loop was 
washed with demineralized water and 
poured into a water-filled sleeve of 1 or 
2 inch diameter to a depth of 30 inches. 
The Run 1 and Run 2 studies were 
made on beds having 10 to 1 parts by 
weight of magnetite to magnesia and 20 
to 1 parts of magnetite to magnesium 
metal, respectively. Because of the sus- 
pected leakage of filter media into the 
coolant a 200 mesh stainless steel screen 
was added to the Neva Clog support 
plate before the Run 2 test. For nor- 
mal startup, flow was begun through 
the bed filter at a rate of 0.2 to 0.3 gpm 
while the loop temperature was being 
raised to operating conditions. Samples 
of water were taken from taps upstream 
and downstream of the bed filter. The 
insoluble corrosion product samples 
were one hour per day, three day com- 
posites from the main coolant line and 
downstream of the hot bed filter. A 
gross count is performed at the MTR 
Site on 1 ml portions of all water 
samples. Radiochemical and chemical 
spectrographic analyses on insoluble 
corrosion product and water samples 
were performed at KAPL. These re- 
sults are summarized in Tables 2, 3 and 
4. Flow and pressure drop relations, 
loop pH and resistivity, effect on flow 
through the fuel elements, corrosion 
product levels, the activity decontamina- 
tion factor across the filter and bed life 
were investigated. 








Water Radiation 
Collection Temperture, Level of 
Time, Min. Degrees F_ (Basket, mr/hr 
86,85 244 30 (544) (3) 
172,85 350,458 400 (4”) 
86,90 445,453 500 (4”) 





HCF NO. | Date 
| 
| 
| 





304- 1. 5/21,22 
304- 2 7/1,3 
= 304- 3.. 7/25,26 
304- 4..... 7/29,31,8/2 
304- 5.. 8/12,14,16 
304- 6.. 8/20,21,23 
304- 7.. 9/4,6 
PRR ME e és Uefogi ts HOG R ene we Rema 9/9,11,13 
305- 9..... 9/23,25,27 
oe 305-10 oF | 9/30,10/2,4 
Ec vio 6450s iyo Seevalais, Wale eo cece wera a 10/14,16,18 
NRF acs. ssn RR Re eR EE Ho Reale } 10/21,23 











85,85,90 458,250,240 | 5000 (4”) 
85.85.88 465,450,445 | 3000 (4”) 
85,60,60 440,449,458 | 3000 (6") 
85,30 450,363 ea aes 
60,60,60 453,460,460 250 (4°) 
60,60,60 325,345,267 700 (4°) 
60.60.60 260,273,273 1000 (4”) 
60,60,60 480,428 > 5000 (4° 
84,65 430,430 Dia auear ; 





ICP* LEVELS 





Flow Rate, |— ——__|—__—"—_- Ion 
gpm Weight, mg ppm Exchange 
083 aes IX 
083, .096 318 4.15 BF 
‘iia 77 1.47 BF 
.096, .083 94 1.2 IX 
.096 70.5 0.91 IX 
jégeease 44.8 0.66 IX 
Sania Basket Empty IX 
066 16.7 0.56 IX 
09 37.1 | 0.6 IX 
09 19.4 0.33 IX 
wand 121 2.14 BF 
095 114 2.34 BF 











* Insoluble Corrosion Products in Loop Water. 
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TABLE 3—Hot ICP* Filter Samples Downstream of Axial Bed Filter 
(KAPL——-30, Runs 1 and 2) 


Soe ee ieee ane —————— a; 





















iP: | L . 
| | | ICP* LEVELS | % 
| Collection | aoe Radiation Flow eon —|———_—__| Bed Filter r Se 
ime, | Temp, | Level, | Rate, | Weight | Weight 
HCBF No. Date Minutes | Degrees F mr/hr | gpm mg ppm |_ Ratio a 
90453 6k SAS | 129 | 170 400 (4") | .062 | Basket | Empty | Nevers to f e\ 
| | | | | | 1 Mg 
304-2.......| 7/22 | 110 | 515 | 15 (7/26) | .... | 149 | 3.4 | Same 
304-3... =...) T/A | 28 | 520 | 90 (478 2); 066 | 53.8 | 9.6 | Same 
305-4... 10/14,18 | 30 | 470,485 | 120 (4”) | .07 | Basket | Empty | 20 Fes04 u 
| | | | | | to 1 Mg = 
305-5. . 10/23 | 60 480 | Sree eae .08 |} 15.7 | 0.86 Same & 
f 













* Insoluble Corrosion Product. 





TABLE 4—A Study of Fission Product and Corrosion Product Decontamination Across the 
Axial Bed Witer ——e ne 








SAMPLE CODE DATE AND TIME 
—| Decon- 
UHBF** 305- BA | | tamina- =Activity UHBF 
10/23 at 1609, | DHBF** 305-8 10/23at| ation 
d/m/ml x 10°6 1552, d ‘mml x 10-6 Factor Activity DHBF 





















ISOTOPES Sample I | Sample II [ Sample A | Sample B | Maximum Minimum , : f } 
a a $$ 0 100 200 300 400 500 600 
(A) FISSION PRODUCT TEMPERATURE, 
133. 3. 24 | "3.59 1 98 1.8 1.4 Figure 5—Solubility temperature curve for mag- 
ia se ae 1.50 145 "707 21 18 nesium oxide reported as ppm of Mg. 
See acta 341 326 341 1.04 0.96 
Sr59. 7s ha .037 | .039 | | .0356 1.1 1.04 }00;-— 
Bals9 2. .720 | .787 | 777 .780 1.01 0.92 + » WAPD,0ATA MAGNETITE ALONE 
C139 4 .920 1.10 | 1.80 4.20 0.61 0.22 sock : — para T P20 RUTLE ALONE A 
4 KAPL DATA TF-20 RUTILE-MAGNESIUM un 
_ a + Soot Een COLBURN LINE ; a Ma 
(B) CORROSION PRODUCT aot > JON EXCHANGE COLUMN REFERENCE 3 OaTA 
a ’ Man 
: . 5 ; - “oe 






Decontamination Factor 









Maximum Minimum S00} 
Sbi24_... ee Shits es | 10,000 a ib Sia 
Hg20s (source of Hg unknown). . ah as as ea 30 Se 
Fe59,.. Secrets ; ee : ee a ae q 5 a 
C080. ae sh ¥ we aa PeEEN 34 2.4 g » 
Zr95-Nb®%.... es ee oa as a 15 1.7 60 Lie x 
ci aad eee : B é 
~ = bad r 
* KAPL-30, Run 2. 8 oe . 
** NOTE: UHBF is upstream bed filter water sample; DHBF is downstream bed filter water sample. r ° Sint 









A solubility-temperature curve for 
magnesium oxide (from Reference 4, 
work of M. L. Jones) is shown in Fig- 
ure 5. The work by Seidell mentioned 
in this figure is cited in Reference 5. 


Discussion 

Pressure Drop 

Flow loading-pressure drop data for 
WAPD and KAPL tests on magnetite 
filter beds are plotted in Figure 6. For 
viscous flow, the theoretical slope (Chil- 
ton-Colburn correlation) of the curves 
would be 1.0 so that fair agreement 
with the theoretical has been obtained. 
WAPD data for 30 inch magnetite beds, 
same bed depth and particle size (40 to 
70 mesh), give pressure drops larger by 
a factor of two than those encountered 
in the TF-20 tests. The increased pres- 
sure drop of the rutile bed over that 
of the magnetite bed is attributed to the 
smaller particle size (less than 120 
mesh) of the former. The rutile-mag- 
nesium filter had a 50 percent higher 
pressure drop than did the rutile alone. 

Flow loading pressure drop data for 
ion exchange beds were obtained from 
Reference 3 and also are plotted in 
Figure 6. For similar flow loadings and 
column heights the pressure drop 
through the 30 mesh ion exchange is 
about a factor of 2 greater than through 
the bed filter. It is to be noted that 
Reference 3 data on ion exchange flow 
loadings are considerably higher than the 3 
to 12 gpm/sq ft conventionally recom- 
mended by the resin manufacturers. 


Insoluble Corrosion Product Levels and 
Flow Loadings 
Initial magnetite studies at high pH 


(maintained by injections of ammonium 
hydroxide) in the out-of-pile loop 
showed bed filter effluent, insoluble cor- 
rosion product levels consistently be- 
low 0.15 ppm. This demonstrates the 
good filtering efficiency of the bed fil- 
ter, 

The insoluble corrosion product level 
of the in-pile loop water was 1.2 to 4.1 
ppm for hot bed filter purification, and 
0.3 to 0.9 ppm for ion exchange purifica- 
tion with mixed bed ammonium form resin. 
The difference is attributed to the escape 
of both particulate magnetite and mag- 
nesium hydroxide through the bed filter 
support plate. The presence of these 
materials instream has been shown in 
the spectrographic analysis of the 
graphite-micrometallic filter samples. A 
magnesium material balance on the col- 
umn also showed that 35 of initial 58 
grams were lost to the coolant. This is 
tar more than could be accounted for 
by solubility alone. 

Flow loadings for the bed filter are 
given in Table 1. The 46 gpm/sq ft 
loading used in the Run 2 test is in 
the optimum range for high filtration 
efficiency of the insoluble corrosion 
products. The flow loadings for the ion 
exchanger were 2.8 to 14.2 gpm/sq ft. 

The rutile test (HB-5) in the out-of- 
pile loop maintained an insoluble cor- 
rosion product and rutile level in the loop 
water of 4.0 ppm. Analysis showed that 90 
percent of the insoluble corrosion prod- 
uct was titanium dioxide. Leakage of 
the TiOz through the Neva-Clog reten- 
tion screen proved to be the cause of 
this level. 

Correcting for the leakage of filter 
media through the bed support it is ap- 


: > 20 3 


FLOW LOADING (GAL INS/MINUTE /SQUARE FOOT 


Figure 6—Pressure drop versus flow loading for 
WAPD and KAPL hot bed filter tests. 


parent that the insoluble corrosion 
product levels for hot bed filter and for 
ion exchange purification are of equal 
magnitude. 


Effects of pH on Purification and pH 

Control With the Bed Filter 

Data From the Out-of-Pile Loop 
Test. The effects of pH on purification 
with the bed filter are shown in Table 
5. Low pH had little effect on decreas- 
ing the efficiency with which the bed 
filter removed filterable corrosion prod- 
ucts. Measurement of the concentration 
of non-filterable iron and manganese in 
the column influent and effluent, showed 
that the concentration of these elements 
increased with a pH lower than 7, in 
both influent and effluent. Since the sol- 
ubility of these elements increases in an 
acid environment, this increase is ex- 
pected. If this increase in solubility is 
taken into account, the over-all purifica- 
tion efficiency of the bed filter actually 
increases with the increasing pH until 
the corrosion product solubility becomes 
constant, 

Table 5 shows the insoluble corrosion 
product levels and the manganese and 
iron concentrations in the filtrate for the 
out-of-pile tests on a magnetite bed fil- 
ter. Part A illustrates that for condi- 
tions of pH greater and less than 7 
(range 6 to 9.5) the filter has good effi- 
ciency for insoluble removal attaining 
filterable corrosion product levels of less 
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TABLE 5——Corrosion Product and Water 
Sample Results (KAPL Out-of-Pile Tests. 
Magnetite Filter.) 


(A) Insoluble Corrosion Product Levels Up- 
stream And Downstream of Magnetite Filter 





Average Insoluble 
Corrosion Product 
Levels, ppm 


pH >7 | <7 
Upstream Sample........ 2.23 2.50 
Downstream Sample..... .065 015 





(B) Filtrate Samples From Corrosion Product 
Filters Upstream And Downstream of Mag- 
netite Filter 





| 
Average Soluble Fe 
and Mn Levels, ppm 


pH >7 <7 
Mn, Upstream............] 022 | 
Mn, Downstream......... .010 | 
ae, OEE, vas sone sce A86 
Fe, Downstream.......... 143° | 





than 0.1 ppm in the filter effluent. Di- 
rect measure of filtration efficiency is 
difficult to make because of the effect 
sampling time has on filterable corro- 
sion product concentrations in spite of 
line flushing prior to sampling. Samples 
taken over a short period of time (15 
to 30 minutes) yielded much higher con- 
centrations than those taken over sev- 
eral hours. 

Examination of Part B of Table 5, 
the filtrate samples up and downstream 
of the magnetite filter, shows that the 
magnetite material demonstrates no 
ability to remove appreciable amounts 
ot soluble impurities. The removal abil- 
ity evident is probably due to filtration 
ot the precipitated materials rather than 
by ion exchange or adsorption. The con- 
centrations of Fe and Mn in the sam- 
ples downstream of the magnetite filter 
approach the expected solubilities as a 
limit. It was found that the solubility of 
iron and manganese is quite sensitive to 
pH and that a pH greater than 7 is 
needed to reduce the non-filterable man- 
ganese concentration to .01 ppm down- 
stream of the bed filter, 


Most Pressurized Water Plants. The 
coolant in most pressurized water plants 
will be on the basic side due to the 
presence of small amounts of ammonia 
which are synthesized from residual ni- 
trogen from air contaminated makeup 
and the hydrogen produced by _ the 
metal-water corrosion reaction. The 
data show that under these conditions 
the concentration of soluble iron and 
manganese corrosion products in the 
column effluent will be in the order of 
0.1 ppm and 0.005 ppm, respectively. 
The particulate corrosion products in 
the effluent ran less than 0.1 ppm on the 
average. 

Since experience has indicated that 
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the corrosion product release rate can 
be further reduced by elevating the 
coolant pH above 9.0, an attempt was 
made to incorporate magnesium oxide 
or magnesium metal with the magnetite 
as an additive to increase the pH of the 
coolant. It was hoped that the magne- 
sium oxide would slowly dissolve into 
the coolant, maintaining the requisite 
pH. As indicated previously, both out- 
of-pile and in-pile tests were run with 
this mixture, The tests showed that in- 
sufficient magnesium oxide would dis- 
solve in the water above 450 F to hold 
the pH above the desired value of 9.0. 
Also, the preferential deposition of the 
magnesium compounds on heated sur- 
faces stemming from the inverse tem- 
perature solubility of magnesium hy- 
droxide created an additional problem 
rather than simplifying the system. 


Comparison of Ion Exchange and Hot 

Bed Filter Purification 

Examination of the filtrate samples 
from the basket filter for both the Run 1 
and Run 2 bed filter tests in KAPL-30 
did not show any significant trend as to 
differences in long-lived gross activity 
between filter and ion exchange per- 
formance. 

Samples of ion exchange resin and 
hot bed filter media removed from the 
KAPL-30 tests have been dried and 
subsequently counted for gross count. 
Comparing these counts on a volume 
basis to correct for the large density 
difference between resin and filter media 
shows the results to be as follows: 

IX Resin: 1.5 x 10° c/min/ml of resin 

HBF Media: 

2.0 x 10° c/min/ml of filter media 
The bed filter is at least the equal of 
the ion exchange column when compar- 
ing the pickup of long-lived corrosion 
product activity from the water. 

During the Run 2 test, decontami- 
nation factors across the hot bed filter 
for fission products and for corrosion 
products were determined. These are 
reported in Table 4. No decontamina- 
tion factor was found for the fission 
products Cs’, Ba, Sr? -and Sr’. 

The following comparison of the cost 
of magnetite and ion exchange resin 
points out a significant advantage in the 
former based on replacement without 
backwashing or regeneration. 


Bulk 
Density 
Material Cost/cu ft lbs/cu ft 
Magnetite $6/cu ft 160 


Ammonium Form $130/cu ft 45 
Mixed Bed 
Ion Exchange Resin 


Summary 
While the use of ion exchange resin 
has been shown to be satisfactory for 
removing corrosion products and _ their 
radioactive nuclides from the coolant of 
water cooled nuclear power plants, the 
high unit cost of the resin and the need 
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for large heat exchange units due to its 
thermal instability, make high tempera- 
ture purification with a low cost media 
attractive for large purification flows. 
The testing of an axial bed filter 
charged with low cost magnetic iron 
oxide has shown that this material not 
only possesses the desired thermal sta- 
bility, but is highly effective in remov- 
ing corrosion products and their radio- 
active nuclides under conditions found 
in pressurized water plants. On a vol- 
ume basis (ml resin to ml magnetite) a 
test showed that the bed filter removed 
as much long-lived activity from a cool- 
ant stream as did an ion exchange resin. 
Satisfactory decontamination factors for 
the following long-lived corrosion prod- 
uct nuclides were found: Fe”, Co”, Zr®- 
Nb® and Sb™. The filter bed was not 
effective in removing soluble fission 
products or other soluble impurities. 
The use of a smail flow ion exchange 
unit in conjunction with the large flow 
filter would be required in those appli- 
cations where soluble fission product 
removal was needed. 

Additional tests on this unit conducted 
at this Laboratory and by the Bettis 
Laboratory of the Westinghouse Atomic 
Power Department have shown that the 
pressure drop through the filter bed is 
comparable to that experienced with ion 
exchange resin, and that this type of 
unit is effective in maintaining the con- 
centration of corrosion products circu- 
lating in the coolant below 1 ppm. The 
data show that the filtration efficiency 
of the bed is not affected by pH. At- 
tempts to use magnesium with the mag- 
netite to maintain elevated coolant pH 
as well as to effect purification were 
unsuccessful. 
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Some Relations Between Deposition 
And Corrosion Contamination 


Introduction 


ROBLEMS RELATING to corro- 

sion and deposition in feedwater 
ind boiler circuits of large power plants 
iave become more and more acute as ini- 
tial steam pressures have continued to 
ncerease. 


This discussion explores the transpor- 
tation and deposition of corrosion prod- 
ucts in the high purity water of large, 
low-make-up steam generating stations. 
The term “high purity” as used here will 
be taken to mean total mineral contents 
if the order 10° to 10° gram mols per 
kilogram of water. The materials con- 
sidered will be limited to the major con- 
stituents of the materials of construction 
(i.e., iron, copper, zinc and nickel.) 

The whole phenomenon of initial cor- 
rosion will be dismissed with the simple 
statement that the bivalent ions are 
formed from the metal by water acting 
as an acid in the Broensted sense. It 
will be admitted at the outset that dis- 
solved gases, differential concentrations 
and the other tools of corrosion affect 
the general and local rates. After this 
the matter will be dropped. This attitude 
is taken because: 

1. Initial corrosion is somewhat like a 
fly buzzing around the ears, while 
transport and unpredictable depo- 
sition represent the man with the 
club waiting to deliver the knockout 
blow. 

2.It can be shown that, due to the 
extremely low solubilities of the 
reaction products of the initial cor- 
rosion products, minimizing initial 
corrosion does not necessarily mini- 
mize deposition. 

The final corrosion phenomenon, that 
is the reaction in and under the deposits 
which result in ultimate failure under 
heat transfer, also will be ignored in this 
discussion, because: 

1. This is no longer the chemistry of 
high purity water and hence lies out- 
side the area of consideration. 

The battle is already lost when this 
point is reached, although the re 
actions are well understood. 


bo 


In the absence of gross contamination 
in the form of calcium, magnesium, 
silica, oxygen, etc., the authors’ principal 
thesis is: Deposition permitting many 
vears of successful operation, contrasted 
with deposition that leads to failure under 
heat transfer in a relatively short time, 
depends essentially upon the ratio of 
copper to iron in the water and not upon 
the absolute levels of either. 

* Chemical engineer, Pacific Gas and Electric 

Company, San Francisco, California. 

** Senior chemical engineer, Pacific Gas and 

Electric Company, San Francisco, California. 


In Low Make-Up Systems for Steam Power Plants* 


By E. S. JOHNSON* and H. KEHMNA** 


When deposits are examined, three 

overlapping classes are found: 
A. Dense, brittle, tenaciously adher- 
ent deposits 
B. Porous, friable, loosely adherent 
deposits 
C. Non-adherent powders or sludges 
which may, on a micro scale, be 
either dense (C-1) or porous 
(C-2). 
Since all three classes contain essentially 
the same elements, this suggests that at 
least two formation mechanisms are in 
operation. 

It would appear that any really service- 
able mechanism to account for the for- 
mation of a dense, brittle, tenacious 
deposit must operate by crystal formation 
from a soluble ionic state. It is proposed 
to account for the loosely adherent de- 
posits by dehydration in place, of precip- 
itates first formed by ionic reactions from 
solution. It also is proposed to account 
for the non-adherent sludge as a mix- 
ture of intra-solution precipitates arising 
from both ionic reactions and dehy- 
dration. It will be recognized that the 
second class, the porous, friable, loosely 
adherent deposit is the trouble maker in 
boilers by providing a region where ionic 
species may concentrate to initiate the 
final phases of failure under heat transfer 
such as hydroxide attack, hydrogen at- 
tack and metasomatosis. The first class 
is the trouble maker in valves and 
pumps. 

The authors have committed them- 
selves to the idea that the reacting con- 
taminants are transported in, and react 
from, the soluble ionic states. Chemical 
thermodynamics then affords a powerful 
tool for evaluating the situation, despite 
the fact that, in general, it is not very 
useful in evaluating heterogeneous sys- 
tems due to kinetic difficulties. 

All thermodynamic calculations will be 
made at 25C. This is equivalent to the 
assumption that the changes in heat ca- 
pacity for all reactions are zero at all 
temperatures (i.e., that only kinetics, not 
equilibria, are influenced by tempera- 
ture.) Activity and concentration, as well 
as fugacity and pressure, will be used 
interchangeably for the very dilute so- 
lutions under consideration. 


Contaminants and Their Forms 
Tron 
Disregarding for the moment how the 
trivalent state is reached, a solution satu- 
rated with respect to trivalent iron will 
contain at least the ions Fe***, Fe(OH)", 
Fe(OH)*: and solid Fe(OH); together 
with its hydrates. Furtherfore, it probably 
is safe to assume that in a practical oper- 
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Abstract 


A mechanism is postulated which indi- 
cates that the ratios and interactions of 
contaminants in low make-up systems of 
steam power plants are more significant 
with respect to deposition than the abso- 
lute amount of contaminants present. 
Three examples are cited in support of 
this theory. It is shown that mechanisms 
based upon the thermodynamics of the 
soluble ions from the corrosion of ma- 
terials of construction can qualitatively 
account for both the form and composi- 
tion of the deposits from high purity 
water in large steam generating stations. 
In so far as trouble from deposits is con- 
cerned, the ratio of copper to iron seems 
more important than the absolute con- 
centrations of either. Small variations in 
the concentration of other ions do not 
seem to be of any great importance. 3.4.3 


ating system the water is indeed saturated 
with trivalent iron, since the bivalent 
solubility exceeds the trivalent solubility 
by a large factor while the absolute values 
of both are extremely small, as will be 
shown later. 

Equations governing the equilibrium 
concentrations of the trivalent iron ions 
are: 


1. Fet** + 3H:O = Fe(OH);+ 3H* 
AF° = + 6600 calories/gram mol 


2. Fe(OH)** + 2H:0 = Fe(OH); + 2H* 


A F° = }+ 3290 calories/gram mol 
3. Fe(OH) *: + H:0 = Fe(OH)3-+ H* 

AF° = — 3110 calories/gram mol 
4. AF°=—RTiInK 


The equations have been written in 
terms of hydrogen ion rather than hy- 
droxyl ion to emphasize the amphoteric 
nature of the soluble forms and to avoid 
the formal use of the water ion product 
constant. Symbols used in these and 
other equations are listed in a special sec- 
tion at the end of the article. 

Solving these equations, it is found that 
the saturated equilibrium concentrations 
of the various trivalent iron ions as func- 
tions of the hydrogen ion concentration 
are: 

5. [Fe***] — (H}* «x 10*** 

6. [Fe(OB)*} = (HF XxX 1 
[Fe(OH)*s] = [H*] x 107 
plot of the equilibrium trivalent iron 
ion concentrations is shown in Figure 1. 
Free energy data have been taken from 
Latimer.’ 


Figure 1 shows that essentially all of 
the soluble trivalent iron, at hydrogen ion 
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Figure 1—Solubility of iron ions in water. 


concentrations usually considered in 
steam generating stations, is in the form 
Fe(OH).*. Also this solubility is very 
limited. It should be realized that the 
Fe(OH), could be at any concentration 
level, even a slurry, without altering the 
results. 

In the more alkaline environments the 
ferrite ion FeO. becomes important. The 
formation of this ion might be explained 
as the ionic neutralization of the hydrogen 
in Fe(OH): by hydroxyl. This becomes 
plausible when one recalls that the min- 
eral lepidocrocite, with the empirical 
formula FeHO: is a hydrogen bonded 
structure.” 

Ferrite ion could, of course, be the ac- 
tive species, but thermodynamically there 
is very little to gain by considering this 
additional complexity. It is preferable 
here to base consideration of trivalent 
iron on the form Fe(OH).* alone and 
leave the possible transition through fer- 
rite to kinetics. 

No evidence is available that any biva- 
lent iron ion except the simple ferrous 
ion is important in water solution. 

Equations governing the saturated 
equilibrium concentrations of ferrous iron 
ion are: 


8. Fe** + 2H:O Fe(OH): + 2H 
AF°* +-18110 calories/gram mol 
9 AF —RTInK 


Solving these equations, it is found that 
the saturated equilibrium concentration 
of the ferrous ion as a function of the 
hydrogen ion concentration is: 


10. [Fe**] = [H*]*? x 10™" 


The solubility of ferrous ion is shown 
on Figure 1 tor comparison with the tri- 
valent iron ion solubilities. 


Copper 

Copper in the deposits in operating 
systems occurs most commonly in two 
valence states: metallic, or zero, and bi- 
valent. Under some conditions mono- 
valent copper is found, Since this ion is 
unstable with’respect to auto oxidation- 
reduction to bivalent and metallic copper, 
it is thought unlikely that the monovalent 
ion plays any significant role in deposition 
from solution except as an intermediate. 

Copper solubility is considerably greater 
than is trivalent iron solubility. Never- 
theless, the same technique is used in 
estimating the solubility of the various 
bivalent ions by computing their equilib- 
rium with cupric hydroxide, Cu(OH)s:. 
By a simple calculation it can be shown 
that with ammonia present to the extent 
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Figure 2—Solubility of the bivalent copper ions. 








of a few parts per million, cupric- 
ammonium complex ion formation is not a 
significant factor in the equilibria, 

The bivalent copper ions considered 
are Cu**, HCuO-, and CuO.*. Their sat- 
urated equilibrium concentrations are 
shown in Figure 2. 

The equations governing the equilib- 
rium concentrations of the bivalent cop- 
per ions are: 


11. Cu** + 2H-O = Cu(OH), + 2H 

AF°® +12550 calories/gram mol 
12. HCuO. + H* = Cu(OH), 

AF* = — 23980 calories/gram mol 
13. CuO." + 2H’ Cu(OH): 

AF*® = — 41800 calories/gram mol 
14. AF° =—RTiInK 


Solving these equations, it is found that 
the saturated equilibrium concentrations 
of the various bivalent copper ions as 
functions of the hydrogen ion concen- 
trations are: 


i. (Ca) fH*]? < 10% 
16. [HCut Jo | : aor x 10°” 6 
17. [(CuO.*] [H+]? x -™* 


The cupric hydroxide concentration 
could be at any level, even a slurry, as 
was pointed out for the similar situation 
for ferric hydroxide, without changing 
the results. 

It is seen that the bivalent copper solu- 
bility and ion forms depend strongly 
upon the conditions, It cannot be said, as 
it could for example in the case of tri- 
valent iron, that the soluble copper ex- 
ists predominantly in a single form, 


Zinc 

The chemistry of zinc in both water 
and water-formed deposits is that of the 
bivalent form. However, the calculation 
of the ion forms and concentrations can- 
not be approached as it was for iron and 
copper because the hydroxide is too solu- 
ble. This means the absolute concen- 
trations of the contaminating zinc ions 
cannot be fixed, but only the ratio of the 
various bivalent zinc ion concentrations 
to the total zinc concentration. These 
ratios are shown in Figure 3. 

The zinc ions considered are Zn", 
Zn(OH)*, and ZnO:*, A simple calcu- 
lation shows that with ammonia present 
in the order of a fewer parts per million 
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the bivalent zinc-ammonium complex io1 
is not a factor in the equilibrium. 

_The equation describing the equilib- 
rium concentrations are: 


1s. Zn -- H.O = Zn(OH)* -- 


AF®* = + 13074 calories/gram mol 


19. Zn* + 2H,0 = Zn0O;"-- 4H" 


AF® = +55534 calories/gram mol 


20. [Zn**] + [Zn(OH)*] 
7 tZ2n0,-} = (Zn) 
(Zn) = 


Total zine concentration 


21. AF° =—RTInK 


Solving the equations gives: 


7? (Zn) = j es +]-1 9.58 
22. [7y}= 1+ [HI X 10 


+ [H*}* xX 10°" 


(Zn) 9.58 


J [H*] as 10°" 


24, EM) 4 Tey yx 108" 
~ TZnOts | 


> (ey xX 


There are, of course, other constituents 
found in the deposits but with iron, cop- 
per and zinc compounds usually account- 
ing for well over 90 percent of the ma- 
terial, the ions considered together with 
the bivalent nickel ion completes the list 
under study. 


The Reactions of Copper, Iron and Zinc 

It should be emphasized at this point 
that what has been set forth previously 
is based upon the equilibrium between 
the species of an element in a given va- 
lence state. In general, however, equilib- 
rium conditions do not exist in a feed- 
water system or boiler. This fact can be 
simply and convincingly demonstrated 
by measuring the oxidation-reduction po- 
tential of a feedwater stream with an 
inert electrode such as platinum, 
Oxidation of Bivalent Iron by Copper 

In the consideration of these reactions 
it is convenient to evaluate the driving 
potential for the conditions existing. For 
the ionic reactions postulated, this prob- 













ib 


ic 


h 


ae 


RATION 
ivalent 


xX i01 


uilib- 


September, 1958 


Fe’*= 107 
——Fe**s 10> 
Frio” 
__——_—Fe"*=10° 


——Fe**=10> 


pee a i 
| | \ 
RS 21 


—_1TO FecOHyS 


— — — OXIDATION BY HO 
——— OXIDATION BY Cu” 


-04-03-02-0!1 O O§ 02 0304 05 06 07 
VOLTS 


igure 4—Potential for oxidation of bivalent iron. 


ibly is safe enough even though some re- 
ictants or products may be solid phases. 

The driving potential will be given by 
he equation: 


2 RT . 
25. E= 7 Link — 1nQ] 
vhere Q has the same form as the equilib- 
ium constant but applies to the actual, 
‘ather than to the equilibrium, state. 
The equations to be considered are: 


26. 2Fe**+ Cu*t+4H.20 =2Fe(OH)?*: 
+ Cu + 4H* log K = —28.9 


. 2Fe** + HCuO- + 2H:0 
= 2Fe(OH)2* + Cu + H’ 


log K = —2.2 


2Fe** + CuO.- + 2H:O0 
= 2Fe(OH).* + Cu 
log K= 10.9 


together with six similar equations for 
Fe(OH)** and Fe**t. However, the man- 
ner in which the ionic concentrations of 
trivalent iron and bivalent copper are 
fixed, by assuming equilibrium with 
their hydrox’des, makes it necessary to 
consider only one equation as all give 
the same potential. 

Using equations 7, 15, and 26 the fol- 
lowing relationship is obtained for the 
odixation potentials due to the various 
copper ions: 

3 [H*}? 
29. E=—0.448 — 0.05916 log [Fe] 


The values of the driving potential are 
shown in Figure 4 as functions of the 
hydrogen ion and ferrous iron concen- 
trations. A positive sign for the potential 
indicates the reaction tends to go as 
written. 

The potentials indicated in Figure 4 
might be considered quite respectable 
for the lower hydrogen ion concentrations 
when it is recalled that the potential of 
normal acid to zinc is only 0.763 volts. It 
seems reasonable to speculate that the 
reaction of bivalent iron and copper 
might be rapid. 

It might be well to reiterate that the 
bivalent copper concentration is not 
strictly limited, the reservoir being the 
cupric hydroxide or hydrated copper 
oxide which can be at any level, even 
a slurry. This copper is perfectly capable 
of reverting to the soluble bivalent forms 
for further reaction with bivalent iron. 

If one accepts the mechanisms pos- 
tulated, the inevitable conclusion reached 
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Figure 5—Driving energy in magnetite and substituted magnetite formation. 


is that if the atomic ratio of bivalent 
copper to bivalent iron contamination is 
substantially more than one-half, essen- 
tially all of the iron will be converted 
first to the trivalent Fe(OH):* and, if 
no other reaction intervenes, finally to 
the trivalent Fe(OH); solid phase. 
This then provides a mechanism for 
the deposition of metallic copper for a 
normally operating system without re- 
sort to abnormal phenomena such as 
overheating, reduction by hydrogen, etc 
(see Equations 26, 27, and 28). It also 
furnishes an explanation for the fact 
that copper is seldom, if ever, found 
plated directly on steel, as it would be 
if metallic iron had caused the reduc- 
tion. As observed, the copper is plated 
over oxides or on particles of oxide. 


The Reactions of Soluble Trivalent Tron 

Having accounted for the formation 
of the soluble trivalent iron ions it is 
now possible to examine the way in 
which they enter into the deposition re- 
actions. Trivalent iron is found almost 
exclusively in magnetite, substituted 
spinel structures in which some of the 
ferrous iron of magnetite has been re- 
placed by another bivalent metal, and 
hematite or its hydrates. 

Attention will be directed primarily 
to interaction and reaction with ferrous 
iron, bivalent copper and bivalent zinc. 
The reactions considered are: 


30. 2Fe(OH)-* + Fe** = FeFe.O,. + 4H’ 


AF° = —10000 calories/gram mol 


31. 2Fe(OH).* + Cu** = CuFe.0, + 4H* 


AF°*® = — 19100 calories/gram mol 


32. 2Fe(OH).* + Zn** = ZnFe.0O, + 4H 
AF° = —- 18800 calories/gram mol 


33. 2Fe(OH)2* = Fe.O; + 2H* + H:O 
AF* = — 21390 calories/gram mol 


Since there is no obvious electron 
transfer in these reactions, the electrical 
potential is not convenient to represent 
the driving force; thus a slightly differ- 
ent approach is taken. The equation: 


34. AF =—RTInK 


Q 


gives the free energy of any reaction. 
With rearrangement and_= substitution 
this gives: 


35. AF —AF°® = RTInQ 


where AF — AF° is the deviation from 
equilibrium and represents the driving 
force for the reaction. Being ionic reac- 
tions they will go spontaneously if AF 
— AF° is negative. 

The values of AF — AF° as func- 
tions of hydrogen ion concentration are 
shown on Figure 5. With respect to 
Figure 5 it will be noted that the forma- 
tion of hematite from trivalent iron im 
solution does not take place. Of addi- 
tional interest are the curves for the 
zinc substituted magnetite; the mini- 
mum in the curves may explain the re- 
ported fact* that zinc-containing de- 
posits are more prone to form in low 
alkalinity boiler water. 

Mention should be made that nickel, 
cobalt, cadmium and possibly manga- 
nese also would form substituted magne- 
tites under conditions in a feed-water 
system or boiler. The authors personally 
have found reasonably well-authenti- 
cated cases of copper and zinc substitu- 
tion only. 

These reactions are sufficient to ac- 
count for the form and composition of 
the smooth, dense, adherent deposits 
and the dense powders and sludges. The 
former arises from crystal formation 
from solution in contact with the walls; 
the latter from intra-solution precipita- 
tion. 


The Reactions of the Hydroxides 

It has been stated previously that 
essentially all the bivalent iron con- 
tamination will be converted first to the 
trivalent Fe(OH).* and, if no other 
reaction intervenes, finally to the tri- 
valet Fe(OH): solid phase if the atomic 
ratio of bivalent copper to bivalent iron 
is substantially more than one-half. 

It has now been shown the other reac- 
tions (reactions 30, 31 and 32) do indeed 
intervene and at least a portion of the 
Fe(OH),;* is precipitated as magnetite 
and substituted magnetites. A compet- 
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ing precipitation reaction for the very 
limitedly soluble Fe(OH)-* is: 


36. Fe(OH):*-++ HzO= Fe(OH)s;| + H* 
AF* = — 3100 calories/gram mol 
followed by the thermal dehydration : 
37. 2Fe(OH)s = Fe:O; + 3H20 
AF*® = — 15170 calories/gram mol 


This is a reaction that cannot be 
treated under the assumptions made 
with respect to activities and_ specific 
heats. It is a well-known laboratory re- 
action perfectly capable of hematite 
formation after the ferric hydroxide 
state is reached even though, as shown, 
it does not occur from solution. It will 
not be considered further here except to 
say that it can account for the loosely 
adherent porous deposits and porous 
sludges—the former if dehydrated in 
contact with a wall, and the latter if 
dehydrated within the solution. 

Similar reactions can account for the 
usually moderate percentages of copper 
oxides found in the deposits. This how- 
ever does not seem to be very impor- 
tant. If a surplus of copper reaches the 
boiler, it would seem that sufficient fer- 
rous iron always reaches the water by dif- 
fusion from the steel-deposit interface to 
essentially complete the copper reduction. 
Thus the metal is the principal form of 
surplus copper. 


of Bivalent Iron by Water 

It is well known that iron and water 
alone will form magnetite without the 
intervention of copper or other oxidizing 
agent. It might then be instructive to 
apply the principles used and compare 
the results with the copper potentials 
shown on Figure 4. 


Oxidation 


Consider the reaction: 


38. Fett + 2H.O = Fe(OH).* 
4H. + H’ 
AF° = +27480 calories/gram mol 
log K = —20.2 


Assuming a hydrogen partial pres- 
sure of 10°” atmospheres, which corre- 
sponds to something like 5 - 10 parts per 
billion of hydrogen at 2000 psig, the po- 
tential for this reaction becomes: 


[H*}? 


39. E re 


- —0.765 — 0.05916 l 


— 


This driving potential is shown on 
Figure 4 as a function of hydrogen ion 
concentration and the bivalent iron con- 
centration. One will note that, though 
this reaction will proceed at a hydrogen 
ion concentration less than about 10°°° 
the driving potential is several orders 
of magnitude less than the driving po- 
tential with the copper intervention. 


Summary and Application 
A set of reactions have been pre- 
sented which form a framework com- 
prehensive enough, with one exception, 
to qualitatively account for the form 
and composition of all the deposits ob- 
served in the water portions of the 
cycles of 43 boilers operating at pres- 
sures above 1300 pounds per square 
inch, The exception is the presence of 
one percent or so of metallic iron as- 
sociated with magnetite in some of the 
deposits. Nothing in the postulated 

mechanisms can account for this. 
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It might be well to review once again 
the various sets of reactions. In so 
doing, it is noted that: 

1. The reactions 26, 27 and 28 between 
ferrous iron and bivalent copper account 
for the formation of soluble trivalent 
iron and metallic copper in a straight- 
forward manner. 

2. The reactions 30, 31 and 32 (note: 
33 does not go) of soluble trivalent iron 
and bivalent iron, copper, zinc or nickel 
form magnetite and substituted magne- 
tite by crystal formation from solution. 
From these reactions it is possible to 
obtain deposit classes A and C-1 enum- 
erated earlier (i.e., dense, brittle, tightly 
adherent deposits on the walls and 
dense non-adherent sludge if precipi- 
tated in the bulk solution.) 

The dense, tightly adherent deposit, 
class A, presents a dimensional problem 
in equipment such as pumps or valve 
cages. Both classes, however, have been 
found relatively harmless under heat 
transfer. 

3. With a substantial excess of biva- 
lent copper, the solubility limit of 
Fe(OH).* is quickly reached and the 
precipitation of ferric hydroxide, Equa- 
tion 36, can compete successfully with 
the magnetite precipitation reactions, 
Equations 30, 31 and 32. 


On dehydration in the solution, Equa- 
tion 37, ferric hydroxide forms non- 
adherent porous sludges, class C-2. 
When in contact with a wall, it forms 
a loosely adherent porous deposit, class 
B, which then becomes the site of dis- 
astrous concentration under heat trans- 
fer. 

To illustrate these points the follow- 
ing plant conditions are cited: 

1. High iron, 50 ppb; Low copper, 10 

ppb; Low ratio 0.2 
2. High iron, 60 ppb; High copper, 
30 ppb; Moderate ratio 0.5 
3. Low iron, 10 ppb; High copper, 30 
ppb; High ratio 3.0 
In the plant examples, reference is made 
to the total iron and copper as deter- 
mined analytically with the copper to iron 
ratios based on these determinations. 
This means that the numbers quoted 
are not on the bivalent basis as used 
throughout the development. This is an 
analytical compromise, not one of prin- 
ciple. 

Plant 1, with ten years’ operation, has 
had essentially a dense, tightly adherent 
magnetite deposit, and dense non-ad- 
herent magnetite sludge with granular 
copper or copper plated on iron oxide 
particles. The iron excess is finally pre- 
cipitated as a non-adherent iron phos- 
phate sludge in the boiler. 

Plant 2, with eight years’ operation, 
has had essentially dense, tightly ad- 
herent magnetite and substituted mag- 
netite deposits, dense non-adherent 
magnetite and substituted magnetite 
sludge and granular copper or copper 
plated on iron oxide particles. 

Plant 3, with three years’ operation, 
has had essentially dense, tightly ad- 
herent magnetite and substituted mag- 
netite, loosely adherent hematite, mag- 
netite, substituted magnetite, copper foil 
and granular copper or copper plated 
on iron oxide particles. 

Only Plant 3 has been adversely af- 
fected, and it will be noted that the 
loosely-adherent hematite, class B, 
which comes from a substantial excess 
of bivalent copper over iron is the real 
distinction in the deposits of this plant. 
Also, it is the ratio of copper to iron, 
not the absolute ‘levels, that is - the 
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real distinction in the water of this 
plant. 

Thus it would appear that the au- 
thors’ principal thesis has been estab- 
lished. 

Conclusion 


It has been shown that mechanisms 
based upon the thermodynamics of th 
soluble ions from the corrosion of th« 
materials of construction can qualita 
tively account for both the form and 
composition of the deposits from higt 
purity water in large steam generating 
stations, 

So far as trouble from deposits is 
concerned, the ratio of copper to iron 
seems more important than the absolute 
concentrations of either. Small varia- 
tions in the concentration of other ions 
do not seem important, 


List of Symbols 
AF°—Free energy of reaction when all 
reacting substances are at unit 
activity. Calories/gram mol. 
AF—Free energy of reaction for ac- 
tual conditions. Calories/gram 


mol, 
R—Gas constant—Calories/ gram 
mol °K, 


T—Temperature—° K. 

{[ ]—Concentration—gram 
grams H.O. 

{ ]—Pressure—atmospheres. 

K—Equilibrium Constant. 


Q—Equilibrium Constant form for 
actual conditions. 


( )—Total concentration—gram 


mols/1000 grams H.O. 
E— Oxidation potentials—volts. 


n—Number of electrons transferred 
in reaction as written, 


ppb—Parts per billion by weight. 
1n—Naperian logarithm. 
log— Logarithm to base ten. 


mols/1000 
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Appendix 

The iron-containing spinel type min- 
erals seem very important in the de- 
posits formed from the high purity 
water in large steam generating stations. 
These minerals are cubic crystals hav- 
ing eight formula molecules in their crys- 
tal pattern and the Schoenflies space 
group On’. 

In mixtures their identification is ex- 
tremely difficult. Practically the only 
tools available are the X-ray diffraction 
techniques. It is not surprising, then, 
that they are seldom reported on a rou- 
tine examination. The most likely ones, 
ZnFe,O., FeFezO, and CuFe2O, are al- 
most identical in their crystal spacing. 

The parent compounds H:2Fe:Ou, 
lepidocrocite and goethite, are not spinel 
type minerals and will be recognized 
and reported as a hydrated ferric oxide. 

Some of these iron-containing min- 
erals and their crystal spacing are tabu- 
lated for comparison. 


Formula Spacing A 
Tron In Anion 
NiFe:Ox; 8.35 
MgFe:O, 8.36 
CoFe.O, 8.38 
ZnFe:O,4 8.40 
FeFe.O, Magnetite 8.40 
CuFe.O, 8.44 
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Formula Spacing A 
Iron In Anion 
TiFe:O, 8.50 
MnFe:O, 8.54 
CdFe.O, re 8.67 
Iron As Cation 
FeAlO. 8.10 
FeCr2O, 8.35 
FeV20, 8.47 
DISCUSSION 


Comment by Robert D. Misch, Argonne 

National Laboratory, Lemont, Illinois: 
Che thermodynamic calculations of this 
saper should be compared with the data 
§ Pourbaix* who has presented a po- 
rential—pH diagram for the iron-water 
ind possibly for the copper-water sys- 
tem, 


Discussion By B. A. Kronmiller, 

The Flox Co., Alameda, Calif.: 

The authors have presented a concept 
ff iron oxide deposit formation from 
high purity water systems with a degree 
4 thoroughness and lucidity seldom 
found in this field. Their orderly utiliza- 
tion of fundamental equilibria and ther- 
modynamic relationships to arrive at a 
positive mechanism for producing vari- 
sus deposit formations displays a com- 
bined knowledge of plant operation, lab- 
yratory technique and—perhaps most 
important—the ability to apply abstract 
chemical relationships to a highly prac- 
tical problem. 

The authors’ principal thesis may be, 
perhaps, somewhat more all-inclusive 
than desirable in view of their stated 
experience. It is this writer’s opinion 
that a modification of this thesis can be 
justly derived from considerable field 
and laboratory experience which will 
materially broaden the applicability of 
their information and prevent the pos- 
sible arrival at erroneous conclusions in 
some instances. 

The substantiation of their inclusive 
thesis appears to be well established by 
their excellent interpretation and appli- 
cation of the equilibrium reactions for 
the several materials of construction. 
The authors have, however, preferred 
to limit their discussion to a thermo- 
dynamic consideration rather than be- 
coming involved in the kinetics also ap- 
plicable. This limitation may possibly 
act to restrict the accuracy of their 
statement of theory or all-inclusive 
thesis but not the facts from which it 
was derived. 

Through a consideration of ferrous 
iron solubility alone as the initial prod- 
uct of corrosion (shown in Figure 1)— 
in the range of 0.01 to 1.0 ppm range 
established by the authors and generally 
not in excess of 0.1 ppm—field and ex- 
perimental laboratory boiler experience 
shows that disastrous deposits forma- 
tion of Type B can be attained simply 
through variation of heat transfer rates. 
The higher rates generally produce 
denser and heavier deposits. Copper 
contaminants in the adverse ratios pro- 
posed by the authors or substituted 
magnetites do not appear to be involved. 
Iron contamination in this range, how- 
ever, without adverse heat transfer 
rates, does not appear to present a 
problem, in this writer’s experience, un- 


less copper is present in considerable 


* J. Electrochem. Soc., 98, 57, 65, 101 (1951); 
CITCE Proceedings, 1950, 1951, 1954. 
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quantity—possibly in the troublesome 
ratio suggested by the authors. 

Application of treatment programs 
designed primarily for reduction of iron 
pick-up in the feedwater system have 
been quite successful in reducing boiler 
deposit problems even though the ab- 
solute level of iron contamination was 
not appreciably altered. This anomaly 
possibly may be explained by the iron 
to copper ratio effects proposed by the 
authors, since it is well established that 
elevation of the pH of high purity feed- 
water by the addition of volatile, alka- 
line materials, such as morpholine, in 
combination with a reduction in oxygen 
content, reduces the copper contamina- 
tion in many instances. <A_ possible 
mechanism for this is shown in Figure 
2. It is quite feasible to agree, then, 
that the copper to iron ratio upset in 
this manner is considerably more im- 
portant to the resulting improvement of 
boiler conditions than the absolute lev- 
els of either contaminant if the original 
deposition resulted from adverse ratios. 

If, however, the original problem, in 
the absence of adverse ratios, were due 
to iron deposition resulting from heat 
transfer rates, then a reduction in fer- 
rous iron solubility and the absolute 
level of this contaminant will be of ma- 
terial importance to a logical solution. 

It is interesting to note here that the 
very dense, tenaciously adherent de- 
posits of magnetite and/or substituted 
magnetities listed as Type A have not 
successfully been produced in experi- 
mental boiler studies, to this writer’s 
knowledge, where no copper was pres- 
ent except under extremely high rates 
of heat transfer beyond any normally 
expected range. This also tends to sup- 
port the authors’ equilibria data. It 
would appear that further experimental 
boiler studies could establish the valid- 
ity of these equilibria and their limita- 
tions quite readily. 

For the record, it would be interest- 
ing to know from which sampling point 
or points the authors feel the most sig- 
nificant analyses or iron and copper 
come. Some discussion of sampling and 
analytical techniques employed in arriv- 
ing at reliable and significant values in 
the ranges indicated also might be of 
major interest. 


Discussions By W. A. Keilbaugh, The 
Babcock and Wilcox Co., Research 
Center, Alliance, Ohio 


The authors are certainly to be com- 
mended on an approach to deposition 
within boiler circuits which is, as far as 
we know, quite original and which un- 
doubtedly will serve as a stimulus to 
future thinking in this area. 

It is true, at least on a relative basis, 
that “problems relating to corrosion and 
deposition both in the feedwater and 
boiler circuits of large power plants 
have become more acute” as more and 
more high pressure units go into serv- 
ice. Advances in make-up water treat- 
ment, the introduction of more efficient 
boiler steam separating and washing 
equipment, and increased technological 
proficiency on the part of plant opera- 
tors have been responsible for a vast 
reduction in other boiler operating prob- 
lems. 

The postulation that “satisfactory” 
deposition, as contrasted with deposition 
that leads to failure, depends essentially 
upon the ratio of copper to iron in the 
water and not upon the absolute levels 
of either does not appear to correlate 
too well with the experience of other 
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utilities of our acquaintance. We know 
of no instances in which improvements 
in boiler water-side conditons, from the 
standpoints of depositon and/or corro- 
sion, were not evident if a reduction of 
total contamination entering the boiler 
were made. 

A case in point is a very recent con- 
tact with the chief chemist of an eastern 
utility who has been feeding morpholine 
to one of his units in an effort to reduce 
feedwater contamination by condensate 
return and pre-boiler system corrosion 
products. His experience can be briefly 
summed up as follows: 

1. There has been a very great reduc- 
tion in the amount of water side deposi- 
tion of both iron and copper in this unit. 

2. Before the use of morpholine the de- 
posits were predominately iron oxides 
with lesser (on the order 15 percent) 
amounts of copper. 

3. After the use of morpholine the de- 
posits consisted of approximately 65 
percent copper with correspondingly 
less iron. 


It is believed that this example is 
reasonably representative of the experi- 
ences of others where attempts have 
been made through properly controlled 
condensate treatments to reduce boiler 
feedwater contamination. 


During the past few years it has been 
evident from both pilot plant and field 
experiences that boiler feedwater corro- 
sion product contamination is trans- 
ported in both soluble and insoluble 
forms, the amounts of both apparently 
varying not only with plant configura- 
tion and water conditions but also 
changing according to such variables as 
load fluctuations. Although soluble 
forms cannot in any way be minimized, 
it is believed that deposition within the 
boiler can result directly from the con- 
taminant solid form without a transi- 
tion through some soluble state. 


Attempts to definitely distinguish the 
relative amounts of soluble and insol- 
uble matter have not, to our knowledge, 
been conspicuously successful. Ultra- 
fine pore size filters and ion exchange 
bed filtering have not proven that they 
can furnish the ultimate answer. 

With these items in mind, this discus- 
ser’s company is currently recommend- 
ing the use of commercially available 
semi-continuous evaporator samplers in 
place of spot sampling, filtering or ion 
exchange sampling. It is felt that bet- 
ter long term representations of con- 
taminant levels can be procured in this 
way. This also provides a larger solids 
sample, less subject to error through in- 
troduction of small amounts of extrane- 
ous contamination or variances in ana- 
lytical techniques. 

In connection with the analytical 
work, a precautionary note is in order. 
It has been found in our laboratory in 
the analysis for iron in condensates and 
boiler feedwaters, that it is necessary to 
digest the samples by a strong digestion 
procedure (perchloric acid is used in our 
laboratory) in order to be completely 
certain that all insoluble iron is prop- 
erly solutioned prior to proceeding with 
either the widely used ortho or batho 
penanthroline spectrophotometric anal- 
yses, 

Of particular interest is the authors’ 
postulation of the oxidation of bivalent 
iron by some form of copper. Closely 
controlled pilot plant work in our lab- 
oratory tends to substantiate this postu- 
lation. In this work it has been indicated 
that some ferrous iron can be oxidized 
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to the ferric form, with the production 
of metallic copper, and in the essential 
absence of oxygen and hydrogen, by the 
presence in the boiler water of a soluble 
form of copper. The oxidation was not dis- 
cernible under otherwise identical con- 
ditions in the absence of copper. 

The problems associated with this 
subject will continue to be of utmost 
interest and the authors’ work can cer- 
tainly be considered one more step in 
aiding a better understanding of the 
mechanisms involved 


Replies By E. S. Johnson and H. 
Kehmna 
We wish to thank Messrs. Kronmil- 
ler and Keilbaugh for discussion of our 
efforts. Both discussers have mentioned 


the effect of feedwater treatment with 


alkaline materials. This lies outside the 
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portion of the corrosion, transport and 
deposition mechanisms we chose to con- 
sider. It will be recognized, however, 
that our thesis is part of a much larger 
proposition, namely, that a substantial 
excess of any oxidizing agent will lead 
to similar results. The remarks then 
with respect to feedwater treatment 
with alkaline materials become doubly 
pertinent in that the materials not only 
influence the contamination but the rates 
of reaction between the contaminants. 

In answer to Mr. Kronmiller, at the 
present time we have no basis for pre- 
ferring one sampling point over another. 
We never make copper and iron deter- 
minations on a routine basis, but rather 
set up a task force to survey a cycle as 
nearly “all at once” as is possible. To 
do this we use all the sample points 


available and make several hundred 
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grab sample determinations to use i 
establishing a pattern. If one point wer: 
to be chosen, it would be after feed 
water collection is complete but befor: 
the high pressure feedpumps; this poin 
would of course not be the same in al 
cycles and could conceivably not exis 
in some cycles. 

The matter of strong digestion o 
samples brought up by Mr. Keilbaugl 
is a point well made. In our laboratorie: 
we use a mixture of nitric and hydro 
chloric acids. Radically different results 
are obtained without the oxidizing mix- 
ture. 

In closing we wish to say that we ar¢ 
well aware of the importance of kinetics 
in this manner. Very real difficulties, 
however, caused us to prefer to avoid 
the subject. Should our efforts incite 
someone to look into the kinetics of the 
reactions we would feel well repaid. 










ol, 1! 


se i 
wer 
feed 
efor: 
poin 
n al 
exis 


n o 
aug! 
ories 
rdro 
sults 
mix- 


> are 
etics 
Ities, 
void 
icite 
the 
id. 











Introduction 

x EXTENSIVE investigation has 

been in progress since 1946 in the 
Panama Canal Zone to study the cor- 
rosion rates and characteristics of 50 
lifferent metals and alloys exposed to 
five natural tropical environments: ma- 
rine and inland atmospheres, fresh 
vater immersion, and continuous and 
mean tide sea water exposure. 

As a result of an earlier study,’ it 
was considered necessary to make 
periodic measurements over a period of 
16 years in order to predict with con- 
siderable accuracy the useful life in the 
tropics of the metals included in the 
study. Ten replicate panels of each 
metal were exposed in each environ- 
ment so that two panels from each lo- 
cation could be removed after one, two, 
four, eight and sixteen years. The eight- 
year specimens were removed in the 
summer of 1955, thus providing the 
fourth point for time-corrosion curves. 
An earlier report,’ incorporating the first 
of the eight-year data, described the 
methods and procedures employed and 
devoted special attention to the corro- 
sion rates of five unalloyed metals and 
a structural steel in the five natural 
tropical environments. 

Of the 50 metals and alloys included 
in the Canal Zone study, ten are in the 
category of commercial-type structural 
steels. Investigations of the corrosion 
rate of similar structural steels in rural, 
industrial, and marine atmospheres in 
the temperate zone by Larrabee,” * 
Hudson and Stanners,® and others have 
created considerable interest in their be- 
havior. The now well-known increase in 
resistance to corrosion in the atmos- 
phere by the addition of very small 
amounts of alloying constituents to car- 
bon steel has been utilized by steel pro- 
ducers throughout the world. The pres- 
ent paper attempts to widen the scope 
of knowledge of corrosion of structural 
steels in natural environments by pre- 
senting results for ten of these metals 
exposed for eight years to the corrosive 
marine and inland atmospheres of the 
tropics in the Panama Canal Zone. 


Test Conditions 

Exposure Environments 

The atmosphere at each of the test 
sites was sampled during the period 
from May 1947 to November 1950, and 
chemical constituents of significance to 
corrosion are shown in Table 1. Samples 
were taken continuously by aspiration 
methods using distilled water as an ab- 
sorbent to collect air-borne material. 


%& Submitted for publication January 20, 1958, A 
paper presented at the Fourteenth Annual 
Conference, National Association of Corrosion 
Engineers. San Francisco, California, March 
17-21 1958, Part 1 in this series was pub- 
lished in Corrosion, 14, 73t-81t (1958) Feb. 


*U.S. Naval Research Laboratory, Washing- 
ton, D.C. 
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Corrosion of Metals in Tropical Environments* 


By C. R. SOUTHWELL*, B. W. FORGESON* and A. L. ALEXANDER* 


Analysis of this absorbent water was 
made three times a year representing 
periods from January to April inclusive 
(dry season), May to August inclusive 
(wet season), and September to Decem- 
ber inclusive (wet season). 

The Canal Zone, fortunately, is one 
of the few tropical areas in the world 
for which accurate and long-term 
veather information is available, having 
been collected by the Panama Canal 
Department of Meteography and Hy- 
drography. Data showing monthly va- 
riations in temperature, humidity, rain- 
fall, wind, and sunshine for an average 
year based on a minimum record of 20 
years were published in an earlier paper® 
in this series. 


Metals and Methods 

Of the ten structural steels evaluated 
for corrosion resistance to the tropical 
atmospheres, four were proprietary 
high-strength low-alloy types; one was 
a 2 percent nickel boiler ‘steel, RR 
Specification 3-A; one was SAE-2515, a 
5 percent nickel ’ steel; two were high- 
tensile chromium steels, a proprietary 
of 3 percent chromium content and an 
AISI Type 501D of 5 percent chromium 
content; and two were Federal Specifi- 
cation QQ-S741 low-carbca steels, one 
copper- bearing and the other unalloyed. 
Compositions of these steels and those 
from Reference 3 with which compari- 
sons will be made are given in Table 2 

The samples of the steel exposed in 
tropical environments were 4 x 8 x 1/16 
inch panels, with the exception of un- 
alloyed structural steel. That sample 
was &% inch thick rather than 1/16 inch 
because of the higher rate of corrosion 
anticipated. 

Samples were prepared for exposure 
by pickling for ten minutes in 10 per- 
cent H.SO, at 170 F, after which they 
were weighed and measured. The panels 
were then exposed to the atmosphere 
at Miraflores and Cristobal, Canal Zone, 
mounted on stainless steel racks with 
the specimens held at an angle of 30 
degrees from the horizontal. 

The exposure area at Miraflores rep- 
resents an inland tropical condition with- 
out jungle shade, as the area is com- 
pletely cleared. At this location, which 
is approximately five miles inland from 
the Pacific entrance of the Canal, the 
prevailing winds are from the inland 
side (north). Racks are on the ground 
and face south. The Cristobal test area 
is in a tropical marine atmosphere, as the 
site is located only 300 feet from the 
Caribbean seacoast, and the prevailing 
winds are from the ocean. The racks 
are situated on the roof of the Wash- 
ington Hotel at an elevation of 55 feet 
above sea level and face north toward 
the sea. 

Upon removal, samples were chemi- 
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Abstract 


Results are reported of 8-year exposure 
tests made to determine the corrosion 
characteristics of ten structural steels ex- 
posed to seashore and inland environ- 
ments in the Panama Canal Zone. These 
corrosion rates are compared with exist- 
ing data for the same materials in tem- 
perate zones. 

Data reported include a summary of in- 
dividual analyses of air samples obtained 
at atmospheric test sites, and extensive 
weight-loss and pitting data for the ten 
steels at_1, 2, 4 and 8-year exposure in- 
tervals. Numerous time-corrosion curves 
in tropical marine and tropical inland ex- 
posures are given for the steels. 

Considerable attention is given to the 
effect of low-alloy additions on mild 
carbon steel. It was found that the cor- 
rosion of copper steel in the two tropical 
atmospheres was only 13 percent and 14 
percent less than that of the unalloyed 
mild steel. The 2 percent and 5 percent 
nickel steels were very effective in re- 
sisting corrosion as was nickel steel. The 
four proprietary low- alloy steels tested 
displayed good corrosion resistance to 
tropical atmospheric corrosion. 2.2.2 


cally cleaned by immersion in 10 per- 
cent H:SO, with 1 percent quinoline 
ethiodide inhibitor. Additional mechani- 
cal cleaning was employed as required. 
Cleaned samples were measured and 
weighed for determination of pitting, di- 
mensional changes, and weight loss. A 
more complete description of the test 
procedure is given in Reference 2. 


Corrosion Results 

The visual and measured corrosion 
information for the ten structural steels 
included in this report is summarized 
in Table 3. Average reduction in thick- 
ness rather than average penetration 
was used because of different rates of 
penetration on the groundward and sky- 
ward side of the panels (Figure 1). This 
difference also affects the pitting factor, 
which, although inexact because of the 
difference in groundward and skyward 
side corrosion, still is considered useful 
for evaluating corrosion damage on steel 
specimens. 

Evaluation of the data presented in 
Table 3 indicates that for Canal Zone 
atmospheric environments the AISI 
Type 501D 5 percent chromium steel 
was the most corrosion resistant of the 
group tested. However, the SAE-2515 
(5 percent nickel) and the RR Specifi- 
cation (2 percent nickel) steels were 
almost equally as resistant. The 2 per- 
cent nickel steel, considering its lower 
alloying cost, would seem to be a wise 
selection for atmospheric exposure in 
the tropics. The proprietary low-alloy 
steels could also compete on a cost 
basis, and in atmospheric corrosion re- 
sistance they are much superior to the 
low-carbon and copper-bearing steels. 


Relative Intensities of Atmospheric 
Corrosion 


Obviously it would be helpful to es- 
tablish factors, or coefficients, relating 
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TABLE 1—Summary of Individual Analyses of Air Samples Obtained at the corrosion rates in tropical atmospheres 
nn Test Sites with those in similar environments in 

eee meee : == temperate zones. Larrabee** has done 
CRISTOBAL TEST SITE MIRAFLORES TEST SITE considerable work with steels of similar 

CONSTITUENT (Deter- | - —\— —|— - compositions at Kure Beach, N. C. It 











mined in mg per 100 cu. ft.) | Maximum | Minimum Average | Maximum | Minimum | Average. is significant that the two groups of 


Total Dissolved Solids | 258 | 015 0.86 low-alloy steels which should be quite 
eee Pe ete ee eee similar in corrosion resistance because 















Organic and Volatile Matter... 0.69 | 0.11 | 0.34 of their similar chemical compositions 
Sulfate. . eee 113 | 0011 | 0.25 (steels C-Ki, Table 2) exhibit a marked 

ee oS wee ES ————_—__|_—___—_|— - difference in corrosion rates at the two 
Chlediie,.. 0 -sin encase. “ 0.42 | 0.035 0.16 | 0.013 | 0.055 marine sites (Figure 2). After eight 
Riirce 0.11 0.00 years, the average extent of corrosion 





of the low-alloy steels at Cristobal is 
over twice that of similar low-alloy 
steels exposed at Kure Beach. Unalloyed 
TABLE + Saepaion of Structural Steels | Sxponed in Tropical and Temperate Climates low-carbon steel at Cristobal is over 

pe = — twice that of similar low-alloy steels ex- 











































2 r c 
COMPOSITION (Percent) posed at Kure Beach, Unalloyed low 
| eee ie «6 Cabo eteelat Criatopal Usreer eames 
Steel Type | Specification | C | Mn P Ss Si Cr | Ni | Cu | Mo 2) showed approximately 60 percent in- 
A | Unalloyed | QQ-S-741, Type II| 0.25 | 0.46 | 0.083! 0.014] 0.004! 0.025] 0.035] 0.020] .... ee corrosion compared with a sim- 
low-carbon Grade A, Class 1 | ilar steel (steel B, Table 2) at Kure 
B* | Unalloyed 0.16 | 0.42 | 0.013) 0.021} 0.01 | 0.01 | 0.02 | 0.02 Beach. 
| low-carbon | | | : 4 
C | Low-alloy | Proprietary 0.13 | 0.41 | 0.007} 0.026] 0.048] .... | 1.70 | 0.90] .... It is assumed that the Kure Beach 
Cu-Ni | tests were made in the 800-foot lot. The 
D | Low-alloy | Proprietary 0.12 | 0.41 | 0.084] 0.026) 0.50 | 0.60 | 0.63 | 0.43 | .. Cristobal tests were made atop the 
Cu-Cr-Si Washington Hotel, located 300 feet 
E Low-alloy Proprietary - 0.087| 0.73 | 0.65 | 0.018) 0.067| 0.03 | 0.82 | 0.59 | 0.19 from the edge of the water at an eleva- 
u-Ni-Mn-Mo | | | | a cre fc. = ; 
F Low-alloy | Proprietary 0.11 | 0.54 | 0.086} 0.029] 0.18 | 0.50 | 0.40 | 0.57] ... tion of 55 feet. The panels were mounted 
Cr-Ni-Mn | on racks at a height slightly above a 
— Sacer ee as —— 3-foot parapet extending above the roof 
G* | Low-alloy 0.09 0.24 0.15 | 0.024! 0.80 | a 0.05 | 0.43 ie of tl f i 8 ve the root 
H* | Low-alloy 0.06 | 0.48 | 0.11 | 0.030) 0.54 | 1.0 | 0.51 | 0.41 ; : 1€ hotel, : 
1* | Low-alloy 0.05 | 0.36 | 0.05 | 0.016] 0.008} 0.01 | 2.0 | 1.1 In Figure 3 the results with unalloyed 
j*_ | Low-alloy 0.11 | 0.55 | 0.08 | 0.026 0.06 | 0.31 | 0.28 | 0.55 | . low-carbon steels and the four low-alloy 
Ki* | Low-alloy | 0.16 | 1.4 | 0.013] 0.021; 0.18 | 0.03 | 0.50 | 0.30 steel exposed at Miraflores are com- 
Ka* | Copper | 0.27 | 0.48 | 0.024) 0.036) 0.009) 0.12 | 0.01 | 0.21 ; pared with the results from the same 
| bearing - a _| | SCs meets’ expcosed to the marine atmos- 
L | Copper QO-S-741 0.22 | 0.41 | 0.004) 0.030} 0.008| 0.015} 0.10 | 0.24 phere at Cristobal. After eight years, 
bearing Glass 2 the low-alloy steels at the inland site 
M | Nickel (2%)| RR-SPECS-3-A 0.18 | 0.52 | 0.036 0.024! 0.19 | 0.14 | 2.06 | 0.61 Lancs peat def 
N Nickel (5%)| SAE-2515 0:10 | 050 0.01 | 0:21 | 0:20 | 0.07 | 4:55 | 0.054 0.074 Showed approximately 50 percent less 
5% Ni Steel | corrosion than the same steels exposed 
— - a a a at Cristobal. 
O | Chromium | Max. 0.10% C | 0.07 | 0.54 | 0.008! 0.016| 0.14 | 3.24 | 0.13 | 0.11 | 0.032 : ; ee 
| (3%) Hot Rolled | | By comparing the curves in Figures 
P Chromium | Co 1% | 0.12 | 0.58 | 0.020) 0.014) 0.32 | 5.20 | 0.060} 0.036) 0.41 2 and 3 it can be seen that the cor- 
5%) | AISI Type 501D 








rosion of the low-alloy steels, even in 


; —S—=== = = the clean tropical inland atmosphere, 
* Exposed by Larrabee’ in temperate climates. 


TABLE 3—Comprehensive Evaluation of Corrosion Damage for Ten Structural Steels Exposed to Tropical 
seaesenen nian in the Panama Canal Zone 
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* Calculated from weight loss and specific gravity. 


** Pit depths referred to the original surface of the metal either by measurement from an uncorroded surface or by calculation using the original and final aver- 
age measured thickness of the same. Average of 20 deepest pits represents average of the 5 deepest pits measured on each side of oe ate specimens (area, 0.89 sq. 
ft.); values in parentheses indicate total number averaged when less than 20. Penetration of plate by deepest pit is indicated by ‘‘P”’ 


*** Ratio of the deepest measured penetration to the average calculated penetration. 







**k* Visual inspection ranking based on observation of cleaned eight-year exposure panels. <A total of eight surfaces were inspected (both sides of duplicate panels 
from the inland and marine exposures). 
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Figure 1—Duplicate mild steel panels exposed at Cristobal for eight years show- 
ing evidence of accelerated corrosion on bottom half of groundward side. 
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CORROSION OF METALS IN TROPICAL ENVIRONMENTS 
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Figure 3—Comparison of atmospheric corrosion of unalloyed low-carbon and 
low-alloy steels at tropical marine and tropical inland sites in the Panama 
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Figure 4—Comparison of millscale and pickled subsurfaces in 
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Figure 2—Comparison of corrosion of unalloyed low-carbon and low-alloy steels 
exposed to the marine atmosphere at Kure Beach, N. C., and at Cristobal, 


Canal Zone. 


was approximately 50 percent greater 
than for similar steels exposed at Kure 
Beach. Furthermore, unalloyed low- 
carbon steel corrodes approximately 50 
percent faster at the tropical marine 
site than it does at the tropical inland 
site, while the unalloyed steel at the 
tropical inland site corrodes at approxi- 
mately the same rate as similar steel at 
Kure Beach. 

From the slope of the curves between 
four and eight years in Figure 2, it 
would seem that the corrosion rate be- 
gins to accelerate somewhat during this 
period. This was apparent for all of the 
steels in the Cristobal marine environ- 
ment and for the unalloyed steel in the 
Kure Beach atmosphere; however, 
neither the low-alloy steels exposed at 
Kure Beach nor the steels exposed to 
the inland environment in the Canal 
Zone showed this tendency. 

Larrabee* and Speller® have noted that 
the rate of atmospheric corrosion is 
dependent upon the length of time that 
moisture is in contact with the surface, 
the pollution in the atmosphere, and the 
composition of the steel. Since the com- 
position of the steels is very similar, 
this increased corrosion rate in the 
tropics must be attributed to one or 
both of the remaining factors, (i.e., air 
pollution and/or increased contact with 
moisture.) Considering that the air pol- 


lution at both marine atmospheric sites 
is similar,”* the increased rate of cor- 
rosion is in all probability due to the 
high yearly average humidity of 82 per- 
cent at the tropical site and the long 
periods of time during each day when 
the relative humidity is above 90 per- 
cent. Dearden’ noted a marked increase 
in the rate of corrosion when the rela- 
tive humidity is over 80 percent. 


Effect of Millscale 

Although removal of millscale was 
part of the preparation for exposure of 
the test panels, so that all specimens 
would start the test with uniformly pre- 
pared surfaces, the question arose as to 
the actual effect of the millscale on the 
corrosion rate of the steel. It is some- 
times conceded that where millscale is 
not removed some general protection is 
afforded by the scale, but with a prob- 
able acceleration of pitting in localized 
areas. In order to pursue this point, 
additional panels of the unalloyed low- 
carbon steel (steel A, Table 2) were 
exposed as received with the millscale 
attached. Figure 4 is a bar-graph show- 
ing the results following exposure for 
four and eight years, respectively. Aver- 
age reduction in thickness, calculated 
from weight loss, and the pitting attack 
as the average measurement of the 20 
deepest pits (5 from each side of dup- 


licate panels) show that there was very 
little difference in either general or lo- 
calized attack for either of the two sur- 
face conditions. 

The pitting attack after eight years 
was slightly higher for the millscale 
panels in the marine atmosphere but 
the difference was much less than ex- 
pected; at four years there was no 
measurable difference. 

In the inland atmosphere the rate of 
pitting of the millscale and pickled 
panels was identical, and it is interest- 
ing to note that these values were ap- 
proximately the same as the eight-year 
values for the marine exposure (i.e., 17 
mils at the inland site after eight years 
and 18 mils at the marine location after 
four years.) Visual inspection of the 
eight-year panels indicated no_ signifi- 
cant effect of the millscale on the type 
and amount of corrosion. 


Effect of Low-Alloy Additions 


Copper-Bearing Steels 

A substanial increase in the corrosion 
resistance of mild carbon steel in tem- 
perate climates can be obtained by al- 
loying with small amounts of copper in 
quantities of 0.1 percent to 0.5 percent. 
Larrabee® found that the presence of 
copper gave 35 percent reduction in cor- 
rosion for 7% years in a marine en- 
vironment at Kure Beach, N. C., and 
40 percent reduction for the same period 
in an industrial atmosphere at Kearney, 
N. J. Hudson*® reported 20 percent re- 
duction in corrosion with the addition 
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Figure 5—Comparative corrosion of unalloyed carbon steel and copper-bearing 


steel. 
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Figure 7—Comparative corrosion of chromium steel and copper-bearing stee 
exposed to tropical atmospheres in the Panama Canal Zone. 
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Figure 6—Comparative corrosion of nickel steel and copper-bearing steel exposed 
to tropical atmospheres in the Panama Canal Zone. 


of 0.5 percent copper during an eight- 
year exposure to a severe industrial at- 
mosphere at Sheffield, England. 

However, results from tests of cop- 
per-bearing and mild steel in a tropical 
marine environment at Key West, made 
by ASTM Committee A-5,” indicated 
that there was less advantage in using 
copper-bearing steel in the tropics. 
Evaluation of the data in Figure 5 in- 
dicates that in the present investigation 
also, copper-bearing steel (0.24 percent 
copper) had less advantage over mild 
carbon steel in these tropical atmos- 
pheres than would be found in other 
atmospheric environments. In the Canal 
Zone the improvement was only 13 per- 
cent for eight years in the Cristobal 
marine enviroment and 14 percent for 
eight years in the Miraflores inland at- 
mosphere. In addition, Figure 5 shows 
that the eight-year corrosion of the cop- 
pear-bearing steel in the Canal Zone 
marine atmosphere was more than 
double that of a similar steel at Kure 
Beach, N. C.° 

Visual inspection of the eight-year 
panels after cleaning revealed that the 
type and depth of corrosion attack were 
very similar on the copper and mild 
steels. Both metals were most heavily 
attacked in the center lower half of the 
underside of the panels exposed at a 
30-degree angle (Figure 1). 

Because of the small difference in 
cost, copper-bearing steel should be an 
obvious choice over unalloyed mild steel 
for any steel structure exposed to the 
atmosphere. In the subsequent evalua- 
tions of other low-alloy steels, copper- 
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bearing steel rather than unalloyed steel 
will be used as criterion. 


Nickel Steels 

Hudson and Stanners’ have reported that 
additions of nickel prove very beneficial 
for increasing resistance of steel to at- 
mospheric corrosion. Larrabee’ showed 
that a 54 percent reduction in the cor- 
rosion rate of mild steel may be obtained 
by including 2 percent nickel, and a 70 
percent reduction with 5 percent nickel. 

In the Canal Zone studies, two standard 
specification nickel steels were exposed in 
the tropical marine and inland atmos- 
pheres—i.e., a 2 percent nickel boiler steel 
conforming to RR Specification 3-A and 
SAE-2515 5 percent nickel steel (steels 
M and N, Table 2). As shown in Figure 
6, each of the nickel additions was mark- 
edly beneficial in improving tropical at- 
mospheric corrosion resistance, but sur- 
prisingly only very slight advantage was 
found for the 5 percent over the 2 per- 
cent nickel steel. In the Cristobal marine 
atmosphere the eight-year corrosion weight 
loss of the 2 percent nickel steel was 56 
percent less than that of the copper-bear- 
ing steel, and the 5 percent nickel for 
the same condition was 59 percent less 
than the copper steel. At the Miraflores 
inland site the 2 percent and 5 percent 
nickel alloys were respectively 45 per- 
cent and 49 percent less corroded than 
the copper steel after an eight-year ex- 
posure. 

Inspection of the cleaned eight-year 
exposure panels indicated that there was 


‘Oo 
YEARS EXPOSED 


2 


Figure 8—Comparative corrosion of four proprietary low-alloy steels and copper- 
bearing steel exposed to tropical atmospheres in the Panama Canal Zone. 


penetration and type of attack between 
the 2 percent and the 5 percent nickel 
steel plates. There were slightly deeper 
penetrations on the groundward side of 
the plates than on the skyward side, but 
the very heavy corrosion on the bottom, 
such as that shown in Figure 1, did not 
occur with the nickel alloy. 


Chromium Steels 

A 3 percent chromium steel and an 
AISI Type 501D 5 percent chromium 
steel were included in the Canal Zone 
corrosion investigation (steels O and P, 
Table 2). Chromium additions in these 
percentages are very effective for re- 
ducing the atmospheric corrosion of 
steel in temperate climates.” * In the 
tropical tests the two chromium alloys 
were markedly more resistant to cor- 
rosion than the copper-bearing steel as 
shown in Figure 7. With respect to 
weight loss, the reduction was 47 per- 
cent for the 3 percent chome steel and 
64 percent for the 5 percent chrome 
steel in comparison with the copper 
steel after exposure for eight years at 
the Cristobal marine site. Even better 
results were obtained at the Miraflores 
inland site, where the 3 percent and 
5 percent chromium steels showed im- 
provements of 66 percent and 80 per- 
cent, respectively. 

Unlike the nickel steels where 5 per- 
cent nickel showed only a slight ad- 
vantage over the 2 percent nickel, the 
5 percent chromium steel was appre- 
ciably more corrosion resistant than 3 
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vercent chromium. This effect was es- 
recially noticeable with the eight-year 
‘ristobal panels after removal of the 
orrosion product. These cleaned speci- 
nens revealed that the 5 percent chro- 
nium steel had corraded very uniformly 
vith practically no pitting, and the cor- 
oded surface was the smoothest of any 
ff the steels. The general surface of the 
} percent chromium panels was smoothly 
orroded, but the bottom half of the 
roundward side closely resembled the 
opper-bearing steel, with the charac- 
eristic accelerated pitting in this area, 
uch as that shown in Figure 1. 


’roprietary Low-Alloy Steels 

Low-alloy steels containing small 
mounts of various alloying elements, 
‘ompounded and trademarked by different 
nanufacturers, have been recognized for 
nany years as having excellent resistance 
o atmospheric corrosion in temperate 
zones. The present investigation included 
our well-known brands of these propri- 
‘tary low-alloy steels (steels C-F, Table 
2). Figure 8 presents the eight-year cor- 
rosion curves of these four metals in 
tropical marine and tropical inland ex- 
posures with comparative curves for cop- 
per-bearing steel. The corrosion weight 
loss in the Cristobal marine atmosphere 
was from 40 percent to 50 percent less 
for the four low-alloy steels than for the 
copper steel panels. At the Miraflores in- 
land location a 35 percent to 50 percent 
reduction over the copper steel was ob- 
tained. Larrabee*® investigated the corro- 
sion of a group of five similar low-alloy 
steels at Kure Beach and found 24 per- 
cent to 59 percent improvement over a 
copper steel during 7% years of exposure. 

One of the significant aspects of the 
group of curves in Figure 8 is the re- 
markable similarity in the corrosion rates 
of the four differently compounded low- 
alloy steels. The band is so narrow that 
no definite ranking can be established. On 
the basis of small differences, steel F gave 
the best results in the marine exposure, 
and Steel D, the best in the inland atmos- 
phere. Steel D, incidentally, was by a 
slight margin the least resistant of the 
four in the marine environment. 

The cleaned eight-year low-alloy panels 
revealed that the corrosion was not as 
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uniform over the general surface as it 
was in the nickel and chromium steel 
samples. Steel E, the one steel ‘contain- 
ing molybdenum, possessed a_ visibly 
rougher corrosion pattern than the 
other three low-alloy steels; however, 
in all of the low-alloy steels, the ac- 
celerated pitting on the groundward 
side shown in Figure 1 was significantly 
reduced. 


Conclusions 


1. The corrosion of structural steels for 
an eight-year exposure was from 1.5 to 
2.2 times higher in the tropical marine 
atmosphere of the Canal Zone than in a 
temperate marine atmosphere. 

2. The effects of the tropical marine 
and tropical inland exposures in Panama 
have been compared and it was determined 
that the marine atmosphere resulted in 1.7 
times more corrosion weight loss after 
an eight-year exposure of mild steel. 

3. No difference in type or extent of 
corrosion was evident between pickled 
and millscale surfaces on mild carbon 
steel in either of the tropical atmos- 
pheres. 

4. Copper-bearing steel was less ef- 
fective in retarding corrosion in the 
tropical atmospheres than in temperate 
zones. The corrosion of copper steel in 
the two tropical atmospheres was only 
13 percent and 14 percent less than that 
of the unalloyed mildsteel. 

5. The 2 percent and 5 percent steels 
were very effective in resisting corro- 
sion. After the eight-year exposure the 
nickel steels were corroded 45 percent 
to 59 percent less than the copper-bear- 
ing steel. The RR Specification 3-A, 2 
percent nickel inhibited corrosion almost 
as effectively as the SAE-2515 5 percent 
nickel steel. 

6. The corrosion resistance of chro- 
mium steel was comparable to that of 
nickel steel. The AISI Type 501D 5 
percent chromium steel proved slightly 
superior to both nickel steels in the 
marine exposure and appreciably better 
at the inland location. The 3 percent 
chromium steel gave slightly better re- 
sults than the nickel steels in the in- 





Any discussions of this article not published above 


will appear in the December, 1958 issue 





land atmosphere but poorer results at 
the marine location. 

7. The four proprietary low-alloy 
steels displayed good resistance to tropi- 
cal atmospheric corrosion; the weight 
loss for eight years was 36 percent to 
49 percent less than that of the copper- 
bearing steel. The difference in corro- 
sion resistance of the four differently 
compounded low-alloy steels was insig- 
nificant. 
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Introduction 
.. ORROSION TESTING by weight- 

loss methods is generally a long, 
tedious affair which often does not pro- 
duce completely satisfactory results. 
This is particularly true when the cor- 
rosion rate changes with time. 

Several attempts to relate various 
electrochemical properties of a metal to 
corrosion rate have been described in 
the literature. Unfortunately, the tech- 
niques usually are more involved than 
weight-loss procedures and furthermore 
they may have no sound basis in theory. 
Recently, however, Skold_and Larson’ 
and Simmons’ have described empirical 
observations which appear to have 
promise as a practical method for meas- 
uring instantaneous corrosion rates by 
electrochemical means. They showed 
that the slope of the linear portion of 
the polarization curve of iron can be re- 
lated to its corrosion rate. The method 
has some foundation in theory and may 
have rather wide applicability to many 
systems. 

The purpose of this discussion is (a) 
to describe the theoretical basis which 
makes the method attractive, (b) to de- 
fine the conditions where the technique 
appears to be most applicable, and (c) 
to provide supporting evidence. 


Description of the Method 

It is often found experimentally that 
the initial portion of a polarization curve 
is linear so that potential plotted as a 
function of applied current or current 
density approximates a_ straight line. 
The slope of this straight line, AE/AT, 
has units of resistance and for conveni- 
ence will be called the “polarization re- 
sistance.” It is important to note that 
this is not a resistance in the usual 
sense. The nature of “polarization re- 
sistance” will be discussed in a later 
section. 


Simmons,’ in a study of polar organic 
inhibitors in crude oil-salt water sys- 
tems, found that a qualitative relation 
existed between AE/AI and the cor- 
rosion rate. He reported that all inhibi- 
tors which exhibit good weight-loss 
suppression give high values of “polari- 
zation resistance.” The converse was 
also true. In addition, simultaneous 
measurement of AE/AI and weight 
change as a function of time showed 
that “polarization resistance” increases 
as inhibition proceeds reaching a maxi- 
mum when the sample apparently stops 
corroding. 

Skold and Larson’ initially conducted 
polarization measurements to calculate 
corrosion rates from “breaks” in polari- 
zation curves by a method described by 
Schwerdtfeger and McDorman.* This 
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A Method For Determining Corrosion Rates 
From Linear Polarization Data“ 
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approach was abandoned for 
described in their paper. They found in 
their studies of steel and cast iron in 
natural waters that a linear relation 
existed between potential and applied 
cathodic and anodic current density at 
low values of applied current density. 
“Polarization resistance” was higher for 
samples having a low corrosion rate 
than for samples exhibiting high rates. 
Fortunately, their conditions were such 
as to give corrosion rates which varied 
over several orders of magnitude. A 
plot of corrosion rate versus “polariza- 
tion resistance” on logarithmic scales 
gave a straight line with a negative 
slope. This empirical data was used to 
determine changes in corrosion rate with 
time for various systems. 


Theoretical Basis for the Method 

Stern and Geary,* in a discussion of 
the shape of polarization curves for cor- 
roding systems controlled by activation 
polarization,” showed that a linear re- 
lationship is expected in the region 
where the polarized potential is close to 
the corrosion potential. For these con- 
ditions, the following equation was de- 
rived. 


_AE na BB. 1 
Sl  Gitinndthse CU 


where AE/AT is the polarization resist- 
ance, the constants B. and Ba are the 
slopes of the logarithmic local cathodic 
and anodic polarization curves, and 
Ieorr iS the corrosion current. This 
equation applies only when AE is 
small. Thus, it is seen that the “polari- 
zation resistance” is inversely propor- 
tional to the corrosion current. Equa- 
tion (1), however, does not consider the 
influence of concentration polarization 
which undoubtedly played an important 
role in the systems of Simmons’* and 
Skold and Larson’. Thus, it is neces- 
sary to determine whether the polari- 
zation curve for corroding systems 
controlled by concentration polarization 
exhibits a linear section and whether the 
slope of this linear section is related to 
corrosion rate. To accomplish this, it is 
first convenient to consider concentra- 
tion polarization on a non-corroding elec- 
trode and then introduce the additional 
complexity arising when the electrode 
corrodes. 

Concentration polarization occurs at 
a cathode when the reaction rate or the 
applied cathodic current is so large that 
the substance being reduced cannot 
reach the cathode at a sufficiently rapid 
rate. The solution adjacent to the elec- 
trode surface becomes depleted of the 
reacting ions, and the rate then is con- 


reasons 


( For systems where the local anodic and 
cathodic polarization curves are logarithmic 
in nature, 

® The expected range of the linear relation 
between E and I and the deviation from 
linearity for variaus potential values are 
described in the appendix. 
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Abstract 


A method for determining corrosion rate 
from electrochemical polarization data 
obtained in the region of the corrosion 
otential is described. The technique has 
Ree in theory, is supported by ex- 
perimental evidence, and appears to have 
widespread application. The advantages 
and limitations of the method are dis- 
cussed. 

It would appear that the use of linear 
polarization measurements can supply 
valuable information regarding: ti.) 
Studies of the effect of environment 
variables on corrosion rate. These in- 
clade changes in composition, velocity, 
and temperature, (2.) Evaluations of in- 
hibitors in controlling corrosion, (3.) 
Comparison of the corrosion rates of va- 
rious alloys of similar composition in a 
given environment, and (4.) Determina- 
tion of changes in corrosion rate with 
time, including studies of underground 
structures as well as materials in aque- 
ous solutions. 

It also may be possible to use this 
method in evaluating the condition of 
coatings in service which cannot be in- 
spected by visual methods. 2.3.5 


trolled by the maximum rate at which 
the reacting species can diffuse to the 
surface. The electrode potential changes 
sharply in this region until a potential 
is reached where a new reaction pro- 
ceeds. The change in potential caused 
by concentration polarization can be ex- 
pressed in its most simple form as*® 


- RT 
Keone = 23 nF -log 1 —_ {- (2) 


where Ix is the limiting diffusion current 

or the current equivalent to the maxi- 

mum rate of diffusion of the reacting 

substance. By assigning arbitrary values 
RT 


to the constants (2.355 F = 9.059 volt, 


and I, = 100 microamperes), the shape 
of the curve described by Equation 2 
may be illustrated in Figure 1. 
The series expansion of In(1-+- X)= 
X—¥% X?+ % X*— Y% X‘+ =... . can 
be used to estimate how concentration 
polarization varies with current for 


small values of ~—. For this condition, 
small values of i For tl ndition 
L 


only the first term of the series is signi- 
ficant so that at 25 C 


.  e 2 
Econe = — VF], = — 0.0256 = (3) 


Thus, when the applied current is small 
in comparison to the limiting diffusion 
current, concentration polarization ap- 
proximates a linear function of current 
with a slope of 0.0256/I:. The plot of 
Equation 3 has been drawn on Figure 
1 to illustrate the extent of its appli- 
cability. 

When one considers a corroding elec- 
trode whose corrosion rate is controlled 
by concentration polarization, the situa- 
tion is slightly different. The schematic 
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Figure 1—A concentration polarization curve show- 
ing the extent of the linear region. 
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Figure 2—Polarization diagram for a corroding metal 

with a logarithmic anodic polarization curve and a 

cathodic polarization curve exhibiting concentration 
polarization. 


polarization diagram for such a condi- 
tion is illustrated in Figure 2 where the 
anodic polarization curve is considered 
logarithmic in nature. For such a sys- 
tem, the corrosion current is practically 
equal to the limiting diffusion current. 
It is well known® that the applied 
cathodic current necessary to polarize 
such a corroding electrode to some 
given cathodic value is given by the fol- 
lowing relationship: 


Lopptica — I. — Ta (4) 


where I, and I, are the local cathodic 
and anodic currents, respectively. Also, 
the equation for the change in anodic 
current, using the corrosion potential as 
reference, may be written 


se 
Te = Reasy ( 10 B. ) (5) 
aa 


where € is the difference between the 
polarized potential and the corrosion 
potential. Since I. = Icorr = In, substitu- 
tion of Equation (5) into Equation (4) 
produces 

€ 


Tapptiea = I, — 1.( oP) (6) 


For small values of e, that is where the 
polarized potential is close to the cor- 
rosion potential, expansion of the expo- 
nential and rearrangement yield 


Ba 
& = — 33 J, Lavetiea (7) 
or 
ac. —* _. Pa se 
‘a oa eee 


Therefore, a corroding electrode con- 
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Figure 3—Potential as a function of applied current 
for the system described in Figure 2. 


trolled by concentration ‘polarization 
also produces a linear polarization curve, 
the slope of which is related to the cor- 
rosion current.” Figure 3 shows the 
cathodic polarization curve of the sys- 
tem illustrated in Figure 2 calculated 
from Equations (4) and (5). The arbi- 
trary constants for the calculation are 
In=100 microamperes, 8.—0.1 volt, 
and Ecorr = —0.1 volt. 

Equation (8) applies only when the 
anodic polarization curve intersects the 
cathodic curve close to the limiting dif- 
fusion current so that I. may be con- 
sidered a constant. If this is not true, 
such an equation cannot be simply de- 
rived. This does not mean necessarily 
that under such circumstances quasi- 
linear behavior will not be observed, but 
the inverse relation between “polariza- 
tion resistance” and corrosion current 
described by Equation (8) does not 
apply. 

For example, consider a system with 
the same cathodic polarization curve il- 
lustrated in Figure 2 and an anodic 
curve of similar slope intersecting at 
0.02 volt where I. is not a constant. 
This is equivalent to moving the anodic 
curve of Figure 2 upward. Figure 4, 
which shows the cathodic polarization 
curve for such a system calculated in 
the manner described previously, reveals 
that quasi-linear behavior does exist. 
Furthermore, the slope of this portion 
of the polarization curve is greater than 
that shown in Figure 3 where the cor- 
rosion rate is greater. Thus, qualita- 


, AE ., 
tively, AI imereases as Teorroston de- 


creases. This is important since it is 
believed that the real value of this ap- 
proach at the present time lies not in 
direct calculation of corrosion rates 
from equations such as (1) and (8), but 
rather in an empirical determination 
such as used by Skold and Larson.’ 
There are several reasons for adopting 
this attitude. First, the constants re- 
quired to apply Equation (1) or (8) are 
not available for many real systems. 
Secondly, the constants may not remain 
constant as environmental conditions 
change. Also, it is possible that the local 


@) Equation (8) can be derived directly from 
Equation (1) since the conditions selected 
are equivalent to considering Be infinite. 





Thus, 
‘ Babe - Ba 
in _ aetna | SR meee . 
oe (2.3) Cleorr) (Ba + Be) (2.3) Leorr 
Be — D 
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Figure 4—Potential as a function of applied current 
for a@ corroding system similar to that shown in 
Figure 2 except that the anodic curve is moved 
upward to produce a corrosion potential of 0.02 volt. 


anodic polarization curve is not loga- 
rithmic in nature since concentration 
polarization may play a role in anodic 
polarization, or the anodic curve may 
actually be linear as described by Petro- 
celli’ for dissolution of aluminum in 
alkaline solutions. In addition, an IR 
drop may be included in the polarization 
measurements. This would not distort 
the linear shape of the pertinent por- 
tions of the polarization curve but 
would, of course, increase the value of 
AE 
Al 
recognized by Skold and Larson,’ is 
evident in their empirical relationship 


-, This resistance error, which was 


AE ; 
betweer “—- and corrosion rate. If the 


corrosion rate is inversely proportional 
to “polarization resistance” as indicated 
by Equations (1) and (8), then a plot 
of these two parameters on logarithmic 
scales should give a straight line with 
a slope minus one. The slope of the line 
drawn by Skold and Larson’ is greater 
than this for data obtained in 3000 ohm- 
cm water. Their data in low resistance 
solutions lie close to the theoretical 
slope. 

Perhaps the most important reason 
for considering that an empirical de- 
termination of the quantitative relation 
between “polarization resistance” and 
corrosion rate is necessary, lies in the 


: : AE 
fact that determination of wi’ depends 


heavily on the judgment which an in- 
vestigator uses to determine the extent 
of the linear polarization curve. An in- 
sufficient number of experimental points 
and scatter in the data of a few milli- 
volts often will tend to extend the ap- 
parent linear portion of a polarization 
curve to higher potentials resulting in 
inaccurate values of polarization re- 
sistance.” As described in the appendix, 
truly linear dependence of potential on 
applied current is expected only for 
about the first 10 millivolts of polariza- 
tion. 


Experimental Observations 


Equation (1) applies to any system 
whose potential is determined by two 


4) When concentration polarization is involved, 
the measured “polarization resistance” will 
tend to be too high, whereas if only activa- 
tion polarization occurs, the measured 
‘polarization resistance’ will be low. This 
occurs because of the different shapes of 
concentration polarization and activation 
polarization when plotted on a linear scale. 
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Ti (10) + 316(2) 

Ti (5) + 316(0.9) 
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Ti (5) + 316(2) 
4 Ti (5) + 316(5) 


4 Ti (5) + 316(8) 
2 316 (09) 
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Figure 5—Potential as a function of applied cathodic current density for various bi-electrodes. 


intersecting logarithmic’ polarization 
curves. Therefore, in addition to corrod- 
ing electrodes, reversible electrodes also 
can be described by this equation simply 
by substituting exchange current for 
corrosion current, 

A reversible electrode system was se- 
lected for experimental verification pri- 
marily because an obvious, well behaved 
system was readily available. 

Some earlier work*® showed that. ti- 
tanium and Type 316 stainless steel in 
nitrate containing solutions of ferrous 
and ferric chloride exhibit potentials 
very close to the reversible ferric-fer- 
rous potential of the solution. In addi- 
tion, it was found that the exchange 
current density for the reaction Fe** + 
e = Fe’ was markedly different when 
it occurs on the surface of the two 
metals. Also, it was shown’ that the 
exchange current density on_ bi-elec- 
trodes (couples) made of these two ma- 
terials could be represented by the fol- 
lowing equation. 
fri locri) 


loci + 31 Ia16 locas) 


where fuse and fr; represent the fraction 
of the couple area occupied by Type 316 
stainless steel and titanium, respectively; 
locas) and iocriy are the exchange current 
densities for the individual materials; 
and iocuw+riy IS the exchange current den- 
sity of the bi-electrode. Bi-electrodes 
are formed by electrically coupling dif- 
ferent areas of the two metals. Thus, the 
use of bi-electrodes with various area 
fractions of titanium and Type 316 stain- 
less provides an ideal system for ob- 
taining surfaces with a range of ex- 


™ Actually, one may compare either “‘polariza- 
tion resistance” to exchange and corrosion 
current or “polarization resistance per unit 
area” to exchange or corrosion current 
density. The use of corrosion current density 
only serves to compare samples of different 
size under the same conditions and has no 
direct relation, in this case, to the actual 
anodic or cathodic current densities which 
exist during corrosion, 
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change current densities which vary 
from the low value on titanium. itself 
to the high value on stainless steel. This 
permits an experimental check of the 
inverse relationship between ‘polariza- 
tion resistance” and exchange current 
as predicted by Equation (1). 

The samples, procedures, and equip- 
ment were exactly the same as those 
described previously® except that in this 
case, it was necessary to get many ac- 
curate points on a polarization curve in 
the potential region from 0 to 15 milli- 
volts. This was accomplished, without 
reducing the impedance of the potential 
measuring system, by using an Applied 
Physics Corporation Model 31 vibrating 
reed electrometer as a null point indi- 
cator in series with a precision potenti- 
ometer. The electrometer has a four-inch 
Q- to 1-millivolt scale which permits 
potential measurement to better than 
0.01 millivolt. Six samples, contained in 
the same polarization cell, were used to 
produce the bi-electrodes. They are 
designated at Ti(5), Ti(10), Ti50), 
316(0.9), 316(2), and 316(5) where the 
prefix indicates the material, and the 
number in parentheses approximates the 
surface area in square centimeters. In- 
asmuch as exact areas along with the 
measured exchange current densities 
have been published previously’ this in- 
formation will not be repeated here. 

Figure 5 shows the low potential ca- 
thodic polarization region for various 
bi-electrodes which were selected to give 
a range of exchange current densities 
between the values which apply to ti- 
tanium and 316 stainless steel. The ex- 


® The Ti(10) electrode exhibited a lower ex- 
change current density than the other 
titanium samples, This is not considered 
serious for present purposes, since actual 
experimental values for each electrode have 
been used to calculate the exchange current 
eurrent of bi-electrodes. 

@ One point which appeared abnormal has not 
been included. 





change current densities, calculated from 
the preceding equation are included cn 
the figure. In those cases where the 
bi-electrode exchange current density 
was actually determined,’ the agreemert 
between measured and calculated valucs 
was good. Figure 6 illustrates the in- 
verse relation between “polarization re- 
sistance” and exchange current densit~ 
as predicted by Equation (1). Whe. 
these data are plotted in this manne, 
it is important to note that “polarizatio 
resistance” should be zero when the ex 
change current density is infinite. 

Additional support for this kind o 
analysis can be obtained from the dat 
of Bonhoeffer and Jena” who studie 
the electrochemical behavior of 11 dif 
ferent types of iron in sulfuric acic 
solutions. These authors compared “po 
larization resistance” and corrosion cur 
rent for these materials and showed thai 
the corrosion rate decreases as “polari 
zation resistance” increases. Their ploi 
of “polarization resistance” versus cor 
rosion current appears to be hyperbolic 
in nature. Figure 7 illustrates their data 
plotted in the same manner as Figure ¢ 
and shows the inverse relation between 
“polarization resistance” and corrosion 
current. Since it is most likely that ac 
tivation polarization controls corrosion 
rate under the conditions of their test, 
Figure 7 supplies additional confirmation 
of Equation (1) and indicates that such 
electrochemical measurements can sup- 
ply a valuable screening method. 






General Features of the Method 
Polarization resistance,” as used here, 
is not a resistance in the usual sense of 
the term. The linear dependence of po- 
tential on current only exists because 
the difference between two logarithmic 
functions of current (Equation (4)) ap- 
proximates a linear function when the 
logarithmic functions are of the same 
order of magnitude. 

“Polarization resistance” measured by 
either anodic or cathodic polarization 
should be identical. This not only re- 
sults from the derivation of Equations 
(1) and (8) but also is observed experi- 
mentally.” Skold™ has confirmed _ this, 
but reports that the extent of the linear 
relation observed during anodic polari- 
zation is smaller than that observed 
during cathodic measurements. 


“ec 


The extent of the linear relation de- 
scribed by Equation (1) is dependent 
upon the beta values of the individual 
anodic and cathodic polarization curves. 
It is possible to analyze Equation (1) 
mathematically to show the amount of 
polarization which can occur for sys- 
tems with various beta values while 
maintaining a linear relation within vari- 
ous error limits. To do this, it is neces- 
sary to assume that the anodic and ca- 
thodic beta values are equal. While this 
is not necessarily the case for many real 
systems, it provides a valuable guide in 
interpretation of experimental data. Such 
an analysis is presented in the appendix 
and shows that the maximum error in 
potential (designated by e) can be de- 
scribed by Equation (9). 


eect 


"RB in 10 Tecer (9) 


In the region where current approxi- 
mates a linear function of potential, the 
value e is the maximum deviation of 
potential from linearity at any current. 
For a reversible electrode, the corrosion 
current in Equation (9) would be replaced 
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igure 6—Polarization resistance as a function of 
he reciprocal of the exchange current density for 
various bi-electrodes. 





xy the exchange current. Using Equa- 
ion (9) and the known relation between 
otential and applied current in the 
inear region (see appendix), it is pos- 
sible to calculate the value of polarized 
otential below which a linear relation 
is expected within any given error. This 
is shown in Figure 8 for a variety of 
beta values and reveals that a system 
with anodic and cathodic beta values of 
0.1 can be polarized for about 10 milli- 
volts with a maximum deviation from 
linearity of 0.1 millivolt, or it may be 
polarized 21 millivolts with a maximum 
deviation from linearity of 1.0 millivolt. 

The use of the “polarization §resist- 
ance” for measuring corrosion rates has 
one particularly important advantage. 
The potential range investigated is close 
to the corrosion potential and the ap- 
plied currents are generally smaller than 
the corrosion current. Thus, the nature 
of the surface is not changed signifi- 
cantly, and the reactions which proceed 
during polarization are those which ac- 
tually occur during the corrosion proc- 
ess. This is not necessarily the case 
when a corroding surface is markedly 
polarized, since under such conditions, 
the subsequent corrosion rate may be 
affected for some time after polarization 
has been discontinued. 

The following is a list of situations 
where it appears that the use of linear 
polarization measurements can supply 
valuable information. 

1. Studies of the effect of environment 
variables on corrosion rate. These in- 
clude changes in composition, velocity, 
and temperatures. 

2. Evaluation of inhibitors in control- 
ling corrosion. 

3. Comparison of the corrosion rates 
of various alloys of similar composition 
in a given environment. 

4. Determination of changes in cor- 
rosion rate with time, including studies 
of underground structures as well as 
materials in aqueous solutions. 

5. It also may be possible to evaluate 
the condition of coatings in service 
which cannot be inspected by visual 
methods. 

While the use of linear polarization 
data to determine corrosion rates can- 
not be considered a universal approach, 
there is sufficient basis in theory along 
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Figure 7—Polarization resistance as a function of 
the reciprocal of corrosion current for various iron 
samples in sulfuric acid (Bonhoeffer and Jena). 


with supporting evidence to believe that 
the technique can find a useful place in 
corrosion studies. 


Acknowledgment 

The author would like to acknowledge 
the skillful assistance of E. A. Tomes 
who conducted the experimental meas- 
urements, and E. J. Bartolomei and N. 
Darroch who carried out many of the 
calculations. Dr. L. Cross assisted in 
the derivation of Equation (17). 


APPENDIX 

Since the use of polarization data to 
determine rates requires a 
measurement of the slope of the linear 
region of a _ polarization curve, it is 
necessary to know the approximate ex- 
tent of the linear region. This is best 
described by indicating the potential 
change during polarization below which 
the polarization curve is linear within a 
given potential error. Consider a cor- 
roding system whose potential and cor- 
rosion rate are determined by two inter- 
secting logarithmic polarization curves 
with equal beta values. When the metal 
is polarized by an external applied ca- 
thodic current, the following relation 
applies: 


corrosion 


=I.—I, (10) 


Lapp ied = 


Since I. and Ia are equal at the corrosion 
potential and are logarithmic functions 
of potential 


é€ é 
B B (11) 


Picatied bese N10 —10 


where € is the difference between the 
polarized potential and the corrosion 
potential. 

Rearranging gives 


+ In10 ot as Ini 
Feontied = leorr B B 
e —e 
(12) 
and 
; € 
Lappitea — — 2 leer Sitth B Inl0 (13) 


Therefore, 


B af _Tepptiea 
®=7n10 sinh (5 r ) (14) 


Leorr 
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Figure 8—The amount an electrode may be polarized 

and still exhibit linear polarization behavior as a 

function of the deviation from linearity for various 
beta values. 
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The first term on the right side of Equa- 
tion (15) shows the inverse relation be- 
AE 
A Tapptsea 
subsequent terms are the error (desig- 
nated by e) in « if only the first term 
is considered. Therefore, 

B | ‘applied 


e= — 


48 In 10 P corr 


tween and Leorr®. Thus, the 


(16) 


However, since the right side of Equa- 
tion (15) is an alternating series, it can 
be shown that the error in using the 
first term of the series is bounded by 
the first neglected term. 


Hence 


_B _Pragprica 
48 In 10 


e< 


corrosion 


(17) 


Thus, for given values of e and B, one 
may calculate the ratio of applied cur- 
rent to corrosion current and use this 
in Equation (11) or (14) to calculate 
e which is the amount an electrode has 
been polarized. This value of potential 
shows how far one may polarize a sur- 
face and expect linear behavior within 
the error selected. This is the basis of 
Figure 8. 
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with different beta values, whereas this 
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terpretation of experimental data. 
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Any discussions of this article not published above 
will appear in the December, 1958 issue 


TECHNICAL PAPERS ON CORROSION WELCOMED 


Authors of technical papers on corrosion are invited to submit them for review without 
invitation to the Editor of Corrosion. Write for “Guide for the Preparation and Presenta- 
tion of Papers” sent free on request to prospective authors. 
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TECHNICAL COMMITTEE ACTIVITIES 










Water Industry Corrosion Problems Discussed 





Increasing Damage From 
Deicing Salts Is Feared 


A study of residual deicing salt in 
manholes and apprehension that salting 
will increase underground corrosion 
were principal topics considered at the 
neeting of Unit Committee T-4D on 
Corrosion by Deicing Salts. 

A report was made on the joint study 
being made by the Niagara-Mohawk 
Power Co. and the New York Tele- 
phone Co. of the salt content of 25 man- 
ioles in Buffalo. In some of the man- 
holes where the salt content reached a 
high level during the winter it remained 
it a high but somewhat lower level 
during the summer. In other manholes 
the salt content dropped by a very 
large factor during the summer. The 
report later was printed and attached 
to minutes of the meeting. 


Correlation Not Good 

One corrosion engineer said he had 
obtained a correlation between weight 
loss and the salt content of manholes. 
Another person pointed out that in Chi- 
cago the decrease in street railways and 
salting at track switches has led to a 
decrease in the corrosion rate in such 
areas, but the total number of failures 
including both cathodic and anodic con- 
ditions has not changed significantly, It 
was said that in the New York area, 
anodic underground corrosion was in- 
creasing as salting increased. One ob- 
server said that in the Detroit area, 
since the removal of the street railway 
system, the corrosion rate on the Detroit 
Edison underground cable system has 
increased. Most of this has occurred on 
a 4.8 kv system and is due to differential 
aeration. 

General apprehension was expressed 
that the increasing amount of salting is 
raising underground conductivity to 
such an extent that corrosion cells of 
all kinds are being activated to an ab- 
normal degree. It was reported that the 
last streetcar line in Milwaukee was 
discontinued in February 1958. Accom- 
panying the elimination of trolleys from 
the streets has been a rise in corrosion, 
the rate in 1957 being two times the 
average for the last nine years. 

Aircraft Damage Noted 

Deicing salts on airport runways have 
an obvious effect on aircraft and ground 
equipment it was said. Tests made by 
Air Force personnel on various salt 
combinations with and without inhibi- 
tors developed none which were suffi- 
ciently low in corrosivity. 

A paper on Cathodic Protection of 
Lead Cable Sheath in the Presence of 
Alkali from Deicing Salts by W, H. 
3ruckner and W. W. Lichtenberger, 
presented at the 14th Annual NACE 
Conference was discussed. Also con- 
sidered was a request from NACE for 
a list of corrosion problems for research 
to be sent to Aaron Wachter, chairman 
of the NACE Research Committee. 








Static Inhibitor 
Test Completion 
Urged by T-1K 


Quick formulation and approval 
of static inhibitor screening tests 
was recommended to T-1K In- 
hibitors for Oil and Gas Wells at 
a March 19 meeting in San Fran- 
cisco, This recommendation was 
made so the committeemen could 
turn their attention to evaluation 
testing procedures, for which there 
was reported to be a pressing 
need. 


The committee heard a report 
on questionnaire circulated by T- 
1K-1 Sour Crude Inhibitor Evalu- 
ation in which recommendations 
are made for a Standard Static 
Test. Subcommittee approval is 
being solicited. 

The group heard also a discus- 
sion of dynamic testing procedures 
in which it was concluded a tech- 
nically sound dynamic tests to 
screen sweet crude corrosion in- 
hibitors was feasible. Some of the 
relationships between oil and 
water in these tests were men- 
tioned. 


Sea Water Silt Tests 
Are Planned for Anodes 


Tests of cathodic protection anodes in 
sea water silt will be made and reports 
on current drains made to NACE Tech- 
nical Unit Committee T-2B Anodes for 
Impressed Current. This was one of the 
developments at the March 20 meeting 
of the committee at San Francisco. 

Other information presented included 
a report showing substantially less loss 
in weight of high silicon anodes vs 
graphite anodes installed in both fresh 
and sea waier in the Northeast. It was 
recommended that tables in a third in- 
terim report on the use of high silicon 
anodes show hole diameters when they 
are backfilled with coke breeze. 

A discussion concerning “necking” of 
graphite anodes in sea water included a 
report on placing the anodes in a pattern 
like spokes of a wheel, with lead wires 
in the center. A concrete ring then was 
cast around tops of the anodes and the 
enclosed space filled with coal tar. This 
stopped necking. It was suggested also 
that fully treated Type NA anodes 
would not neck under the conditions 
discussed. 

Organization of a group to collect 
data on deep anode installations was 
recommended. 


The Ten-Year Index to CORROSION 
1945-54 indexes over 3500 pages pub- 
lished in those years. 
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Poor Materials 


Selection, Bad Design 
Called Main Troubles 


The demand for high performance at 
low cost for materials used in the water 
utility industry; poor communications 
between manufacturers and engineers 
and lack of follow through to check de- 
coatings will be released for publication 
points discussed at a technical commit- 
tee meeting held March 17, 1958. A 
meeting of T-4F on Materials Selection 
for Corrosion Mitigation in the Utility 
Industry and of T-4F-1 on Materials 
Selection in the Water Industry was 
held during the 15th Annual NACE 
Conference. 

F. E. Kulman, Consolidated Edison 
Company of New York, chairman of 
T-4F, explained that the T-4F-1, a com- 
mittee task group, is concerned with the 
selection of materials for valves, pumps 
and other equipment in the water indus- 
try. It is the desire of the parent com- 
mittee to eventually cover all parts of 
the utility field, the electric and gas 
utilities as well as water. 


Poor Selection of Materials 

In the general discussion, it was 
brought out that poor selection of ma- 
terials and bad design cause corrosion 
problems. Use of devices having steel 
bolts with brass nuts, “a beautiful setup 
for corrosion” were cited. It was pointed 
out that specifications changes made on 
paper before installation can drastically 
cut down on replacement expense and 
problems. Design men often never know 
whether their designs are performing 
satisfactorily, it was stated. 

One person said manufacturers can 
design high quality devices, but economy 
minded customers do not want to pay 
the price. As an example of this he 
cited the use of cheaper cast iron in 
gate valves to save money. He said most 
users want the cheapest valve possible. 


Low Cost Coating Sought 

The American Water Works Associa- 
tion would like to check and certify 
valves, it was stated. The AWWA is 
seeking a low cost high performance 
coating. A sample of epoxy coating was 
passed around to persons in the group. 
It was pointed out that galvanizing 
would not work and no type of metal- 
lizing tried so far has been successful. 
Epoxy coatings had been tested up to 
three years with varying results. A cata- 
lytic type coating was found to be very 
tenacious. Baked coatings are avoided 
because of cost. 

Dezincification troubles experienced 
by the City of Los Angeles were de- 
scribed, Change to Colorado river water 
caused dezincification of valve stems. 
Materials with high zinc compositions 
deteriorated rapidly with tuberculation 


(Continued on Page 68) 
















































































































































































Tape Committee 
Holds Sessions at 
3 Regional Meetings 


Technical Unit Committee T-2K on 
Prefabricated Plastic Film for Pipe Line 
Coating will meet at three NACE 
Region Conferences this Fall. Meetings 
have been scheduled for the Northeast 
Region Conference, Boston, October 
5-8; the North Central, Cincinnati Oc- 
tober 15-17; and the South Central, New 
Orleans, October 20-24. 

Principal business at the San Fran- 
cisco meeting was hearing the reports 
of task groups T-2K-1 on Standards, 
T-2K-2 on Research and Development 
and T-2K-3 on Coating Evaluation. 

Concerning T-2K-1, tentative recom- 
mended specifications and practices for 
prefabricated plastic films for pipe line 
coatings will be released for publication 
to members of the committee only as 
minimum descriptive standards, and will 
be submitted for approval to members 
of Committee T-2K at the next regional 
meeting, the committee decided. Work 
on the specifications had been furthered 
at the Oklahoma City meeting, H, D. 
Segool, chairman said. 


New Assignment Sought 

Task Group T-2K-2, Research and 
Development, had no specific report to 
make, but requested the committee to 
review the assignment given it. The 
original assignment was stated by one 
person present as: “To study prefabri- 
cated plastic films available now as they 
are discovered in the laboratory paying 
particular attention to the plasticizers 
used to eliminate the possibility of a 
cheap plasticizer causing a breakdown 


of an otherwise good film with recom- 
mendation to both manufacturers and 
corrosion engineers, to study the mois- 


ture vapor transmission and chemical 
metas. etc. of plastic films.” 
R. B. Bender and H. A. Hendrickson 


were appointed to study possible expan- 
sion of the group’s assignment. They are 
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to present recommendations at the next 
regional meetings for discussion and 
final approval at the 15th Annual NACE 
Conference. 

It was suggested that the National 
Bureau of Standards be contacted for 
assignment suggestions. One person of- 
fered procedures used by his company 
for testing prefabricated plastic films. 
Because of the interest shown, the infor- 
mation will be mailed to all members 
present. 

Report on Use Discussed 

Task Group T-2K-3 on Coating Eval- 
uation discussed what has been done 
concerning the questionnaire the group 
mailed out. A consolidated report of 
information received up to March 1, 


1958 from the questionnaire was pre- 
sented. More information has been re- 
ceived since that time, it was _ stated. 


It was the opinion of the committee that 
many companies using plastic films have 
not received the questionnaire, 

The chairman also reported that a 
permanent file has been set up for all 
installations that will require follow-up. 
These installations will be listed as 
projects. As of March, there were 17 
projects listed. 

It was decided not to distribute the 
consolidated report, but that another 
consolidated report will be made avail- 
able for the next committee meeting. 

The following procedure for handling 
the questionnaire was decided upon: 
Questionnaires will be mailed by NACE 
Central Office to all corporate members 
and T-2K committee members. The 
completed questionnaires will be return- 
ed to Central Office then forwarded to 
the chairman of the coating evaluation 
task group. 


Long Range Evaluation 
Of Plastic Tape Planned 


A questionnaire has been prepared by 
Technical Unit Committee T-2K on 
Prefabricated Plastic Film for Pipeline 
Coating to gather data for long range 
evaluation. 

The History and Results Subcommit- 
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STRAIGHT AND 
REDUCING COUPLINGS 


SOLDER AND 
FLARE COPPER UNIONS 


MAY PRODUCTS, 


BOX 427 


manufacturers of: MAYCO water softeners & filters... 


joined safely with 


MAYCO 


dielectric fittings 






Copper and iron, brass and iron or 
other dissimilar metals are safely con- 
nected with no electrolysis when you 
use MAYCO dielectric couplings and 
unions. The cost is low enough to use 
them on every job—the tough nylon 
bushing insulates completely . . 
stands temperatures up to 230° F. and 
pressures up to 1000 Ibs. Order now. 
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MAYCO dielectric fittings 
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tee of Unit Commitee T-2K has been 
organized to give a long range study of 
actual installation of prefabricated plastic 
films on pipelines, the purpose being to 
gather data and making excavations to 
determine true values of plastic coatings 
and to maintain long range records of 
installations. The necessity to gathe: 
this long range data is created in com- 
panies when personnel who make an 
installation are promoted or transferred 
and the follow-up data or evaluation 
over the years is lost. The T-2K Com- 
mittee is a permanent committee of 
NACE with the organization to follow 
up these installations and preserve long 
range test data results which will be 
valuable in years to come. 

Any one interested in this problem 
may obtain copies of a questionnaire 
from NACE Central Office, 1061 M & M 
Building, Houston 2, Texas. 


Rectifier Ripple Inquiry 
On Agenda of T-4B-2A 


Circulation of a questionnaire on filter- 
ing the rectifier ripple is being under- 
taken by Project Group T-4B-2A. The 
group is working under Unit Commit- 
tee T-4B on Corrosion of Cable Sheaths. 
The group met in San Francisco, 
March 18. Work on the questionnaire 
was interrupted by death of the chair- 
man. A new chairman was appointed to 
pick up the work. 

Under ‘old business” a discussion of 
duct anodes was renewed. A report was 
made on New Jersey Bell Telephone 
Co. installations concerning six strings 
installed, one location with two strings 
with a large current output. Inspection 
showed anode deterioration which was 
not serious. 

One telephone corrosion engineer told 
of the removal and inspection of two 
strings of graphite anodes in Pennsyl- 
vania. Graphite was deteriorated in 
spots, some badiy. Other points de- 
veloped in the discussion of graphite 
anodes were: Header wire separating 
from the anodes, extensive through uni- 


form deterioration of anodes and the 
need for limitation of amount of cur- 
rent where graphite is attacked by 
acids, 


The question of use of graphite anodes 
by power companies was brought up. 
being 


Two firms were suggested as 
possible sources of information. One 
engineer said he would not use a duct 


for lead cables after the duct had 


graphite residue in it from anodes. 


New Questionnaire Given 
To Cable Sheath Group 


A newly devised questionnaire de- 
signed to help Project Group T-4B-5B 
in its work was presented to members 
of the group for their consideration at 
San Francisco meeting, March 18. 

l-4B-5B on Practices and Experience 


with Protective Jackets for Outside 
Plant Communications Cables, is part 
of Unit Committee T-4B on Corrosion 


of Cable Sheaths. A copy of the ques- 
tionnaire was appended to minutes ot 
the meeting. 

Another project group, T-4B-5A on 
Practices and Experience with Protec- 
tive Jackets for Outside Plant Power 
Cables met preceding the T-4B-5B meet- 
ing. The presiding officer read a report 
on the project. 
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luct ; STICKS OF CORBAN — TO GIVE CORROSION PROTECTION IN SPECIAL WELLS. 


- \ In wells where the application of Corban® corrosion inhibitor in liquid form 
is either impossible or impractical, Dowell offers Corban in stick form. Stick 
Corban is packaged in air-tight, weather-proof metal drums, with handles for 
ease of handling. 

These cylindrical sticks are introduced into the tubing through lubri- 
cators or pressure locks. On reaching the bottom, the sticks melt and dissolve 
slowly in the well fluids. Production then carries the Corban inhibitor back 
up the tubing to coat and protect the metal surfaces of the well, Christmas 
tree and flow lines. Stick Corban is available with melting points from 
140° F. to 280° F. 

Both concentrated and ready-to-use liquid Corban are available in addition 
to Corban sticks. All forms of Corban are provided in several formulas to 
fight corrosion on any type well. Call any of the 165 Dowell offices for an 
engineered recommendation on the use of Corban. In Canada, contact Dowell 
of Canada, Ltd.; in Venezuela, contact United Oilwell Service. Dowell, 


Tulsa 1, Oklahoma. 


NEW SOUND-SLiDE FILM 
See how corrosion inhibitors work to Products for the oil industry 


save you money. Ask your Dowell 
representative for a showing of this 
new film “Corban Means Cash”. 


A SERVICE DIVISION OF THE DOW CHEMICAL COMPANY 

























































































































































































































































































































































































































































































Discussion of Zero 
Resistance Ammeter 


Held by Group T-4B-3 


Task Group T-4B-3 on Tests and 
Survéys, working under unit committee 
T-4B on Corrosion of Cable Sheaths, 
met in San Francisco, March 18. 

There was a discussion of the devel- 
opment of the zero resistance ammeter 
concerning the possibility of incorrect 
readings due to contact potentials. Con- 
cerning duct anodes, one engineer 
pointed out that in a system at Peoria, 
Ill., two amperes were being discharged. 
Protection was limited to the manhole 
sections. 

In a duct anode system in Buffalo, 2 
amperes of current were required origi- 
nally to bias lead cables to a potential 
of —0.85 volts. After isolating the cable 
sections, the same bias was obtained 
with 0.12 amperes. The zero resistance 
ammeter was used to determine the cur- 
rent on each cable. 

Other miscellaneous points brought 
out at the meeting were: In answer to 
a question on what is considered a haz- 
ardous current loss on cables, it was 
stated that 35 ma loss in a manhole 
section is considered hazardous; in an- 
other case, tests showed that interfer- 
ence on a water pipe developed at a 
point anode amounted to 95 percent of 
the rectifier output. 

Effect of moving a point anode away 
from the structure to be protected was 
illustrated on a curve presented by one 
engineer. He also suggested interference 
tests be made before ground beds are in- 
stalled, to eliminate construction ex- 
pense if they have to be moved. 

A description of a test on a 500-foot 
section of coated gas pipe using mag- 
nesium anodes was presented. 

One person emphasized that any pro- 
tective system applied to an_ under- 
ground structure causes interference to 
adjacent underground structures and for 
that reason, an interference test should 
always be requested. 


More AC Corrosion 
Reports Are Given 


Rates of corrosion due to alternating 
current and examples of AC corrosion 
were given at the meeting of Project 
Group T-4B-1B, To Develop Informa- 
tion on Galvanic Action, held in San 
Francisco, March 18. The project is 
part of Unit Committee T-4B on Cor- 
rosion of Cable Sheaths. 

Some of the points brought out were: 
According to the Bureau of Standards, 
AC current will corrode metals at from 
one to two percent of an equal DC cur- 
rent. In a pipe line failure in the Jersey 
meadows, the potentials, pipe-to-ground 
were 10 V AC, 0.1 V DC, with the AC 
current 20 times that of DC. 

Results of a simulated field test con- 
ducted by one firm with copper and 
aluminum indicate that the 60 cycle AC 
corrosion rate of aluminum is 33 per- 
cent of the DC rate. No figures were 
given for copper. 

A letter from Great Britain request- 
ing information on AC corrosion had 
been answered by one member of the 
group who described some corrosion 
experiences in which AC was believed 
to be a major contributing factor. 





68 CORROSION—-NATIONAL ASSOCIATION OF CORROSION 


Copying of Coordinating 
Committee Maps Weighed 


The Chicago Area Committee on Un- 
derground Corrosion, a subcommittee of 
Unit Committee T-7B, North Central 
Region Corrosion Coordinating Com- 
mittee reported on committee work at 
a meeting held April 15 in Hammond, 
Ind. 

A lively debate was held on whether 
to comply with requests by an outside 
agency for copies of the committee’s 
maps of underground facilities. The 
chairman was empowered to write a 
letter to member companies whose in- 
stallations are shown on the map, asking 
their permission to release the map. 

Much of the time was spent in ex- 
changing information between corrosion 
engineers of different companies on 
work being done, In each case, specific 
information was given as to the location 
of work being done and what was being 
done. Installation of rectifiers and 
ground beds on pipe lines, drainage ties 
and a drainage survey were all dealt 
with specifically. One firm returned 
committee maps on which was over- 
printed the route of their 14-inch pipe 
line. The route of the line was then 
entered on the committee master map. 

As a brief technical program, four 
persons present gave a demonstration of 
diodes used in cathodic protection sys- 
tems. 

Next meeting of the committee will 
be September 16, at the Peoples Gas 
suilding, Chicago, at 1:30 pm. 


HF Alkylation Query 
Data Are Summarized 


A report summarizing results of a 
questionnaire sent to the petroleum in- 
dustry on problems in HF alkylation 
was reviewed at a meeting of Task 
Group T-5A-6 Corrosion in Hydrofluoric 
Acid on March 17 at San Francisco. 
This report is being processed for pub- 
lication. 

The group also discussed the bibli- 
ography of HF corrosion, now under 
review and problems with O-ring seals 
on HF pumps. F. H, Meyer discussed 
his paper on corrosion problems asso- 
ciated with uranium refining presented 
at the conference. 

Additional information on construc- 
tion materials for handling 10 percent 
HF solutions and means of disposing 
of the acid were sought. The corrosion 
problem of the refrigeration industry in 
heat exchangers using Freon containing 
azeotropic mixtures of up to 50 ppm 
chloride in water in the regrigerant was 
mentioned. 


Stray Current Inquiry 


A summary of replies to a question- 
naire was the principal subject con- 
sidered at the meeting of Task Group 
T-4B-6 on Stray Current Electrolysis. 
The meeting was held in San Fran- 
cisco, March 18, during the NACE 
1959 Conference. 

The questionnaire covered two cate- 
gories, one on electric power cable prac- 
tices and the other communication cable 
practices. A. F. Minor was appointed 
to head the group after the death dur- 
ing the year of M. B. Hart, who was 
chairman. : 
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Redox Interpretation 


Topic of Discussion 


Task group T-4B-1D To Investigate 
and Develop Technical Information on 
Corrosion by Microbiological Action met 
in San Francisco to receive information 
collected on this subject since the prog- 
ress report of March 1956. Another re- 
port on Interpretation of Redox Po- 
tentials was discussed at the meeting. 

One member asked what protection 
could be used to combat biological at- 
tack. Answer was use of a cathodic pro- 
tection system. The meeting was held 
March 18 as part of the meeting of Unit 
Committee T-4B on Corrosion of Cable 
Sheaths. 


Water Industry — 
(Continued From Page 65) 


in valves. In examining this problem, 
the role of oxygen starvation was 
studied, bronzes and _ stainless steels 
were tried. Nickel alloy stems are pro- 
viding better service, but at a higher 
cost, it was said. 

Valves with all-bronze interiors are 
doing a “fair” job, but all aluminum 
bronzes show crevice corrosion rapidly, 
and give off aluminum oxide. Several 
types of coatings on cast iron were 
tried, and use of epoxy resins is being 
studied. Los Angeles is now testing 50 
different pieces of equipment and is try- 
ing to find a satisfactory coating. 

Another discussion concerned use of 
butterfly valves. In one case, a corrosion 
check showed corrosion at the edge of 
leaves, probably caused by cavitation. 
New equipment is metallized with lead 
before service, but corrosion was _ be- 
lieved caused when the lead is pushed 
aside by velocity, As a remedy, stainless 
steel (hot spray) over the entire leaf, 
followed by a coating of red lead is 
being tried. 

One member spoke on stainless steel 
stems on valves. He persuaded manu- 
facturers to change to ductile iron trim 
and one firm did not increase the price 
for the change, he said. He explained 
his own company was now using more 
butterfly valves because they have fewer 
moving parts and can be adapted to 
motor control. In flocculators using high 
silicon anodes with impressed current 
are being used on the paddles. The rec- 
tifiers are producing 12 amperes at 60 
volts. 

After some discussion, the decision 
was made for the group to approach the 
AWWA valve committee for aggressive 
water specifications. It was suggested 
that NACE have a representative at the 
AWWA meeting in Dallas. 

Concerning flocculators, one person 
pointed out that they are made of a 
number of different metals. To prevent 
corrosion an attempt was made first to 
use magnesium anodes, and later im- 
pressed currents were used, It was sug- 
gested that metal and concrete should 
be insulated from each other. 

Other corrosion information was ex- 
changed at the meeting. Some of these 
were, bolts used on cast-iron pipe, lining 
of pipe, steel couplings on cast-iron 
lines, copper troubles, insulating steel 
from cast iron and lining with concrete. 

Storage water heaters were discussed 
and grounding problems were consid- 
ered. Ground rods were reported failing 
near the surface of the earth in New 


York. 
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New Orleans Meeting Plans Are Completed 


SCHEDULE OF TECHNICAL MEETINGS AT NEW ORLEANS 





Monday 
October 20 


Tuesday 
October 21 


Wednesday October 22 


Friday 
October 24 


i 


Thursday October 23 


Morning—9 to 12 


Offshore 
Corrosion 


Refinery & Chem. Process 
Industries (Part 1) 


Oil & Gas Prod. (Part 1) 





Pipe Line 


Afternoon—2 to 5 


Free Time for Visiting 


Exhibits 


Refinery & Chem. Process 
Industries (Part 2) 
Oil & Gas Prod. Symp. (Part 2) 





SOUTH CENTRAL REGION ABSTRACTS 


Oil and Gas 
Production Symposium 
Part 1 


J. L. BATTLE, Humble Oil & Ref. Co., 
Houston, Chairman 

W. C. KOGER, Cities Service Oil Co., 
Bartlesville, Okla., Co-chairman 


A Laboratory Method for Evaluating Corrosion 
Inhibitors for Secondary Recovery by T. R 
Newman, National Aluminate Corp., Chicago. 

A new test method is presented for evaluating 

corrosion inhibitors for secondary recovery sys- 

tems. It is a recirculating system comprising a 

five gallon reservoir, a pump and _a test cell. The 

test is characterized by its relatively high ratio 
of volume of water to surface area of metal ex- 
posed. A unique feature is the method used for 
holding the coupons in the flow of the water. 

A transparent Lucite cell holds the coupons so 

they are visible during the test. 


Several common variables were studied. They 
are dissolved oxygen, H2S, dissolved solids and 
pH. Corrosivity of a brine was found to be 
almost directly related to the dissolved oxygen 
level. It was Loud also that a high H2S system 
was not necessarily more corrosive than one 
having a low level of H2S, but that the attack 
became more localized. The higher the H2S 
level, the higher the inhibitor level required to 
obtain an equivalent level of protection. The 
greatest effects of variations in dissolved solids 
are indirect. The solubilities of dissolved gases 
and organic inhibitors are inversely proportional 
to_the level of dissolved solids. The variation of 
pH in the range from 5 to 8 did not affect the 
performance of a typical inhibitor in a system 
without H2S. When H2S was present, the pro- 
tection with this inhibitor dropped off slightly 
as the pH was lowered to 5, 

This test method was used to evaluate a num- 
ber of commercial water flood inhibitors. Ex- 
perimental inhibitors were tested until one was 
found that exceeded the performance of those 
now being used. This one was tested in several 
floods and the excellent performance, predicted 
from the laboratory results, was confirmed. 


Correlation of Oil Soluble, Water Dispersable 
Inhibitors for Sweet Oil Systems by C. C. 
Nathan, The Texas Co., Houston. 


Results of Mixed Sucker Rod String Testing by 
W. B. Koger, Cities Service Oil Co., Bartles- 
ville, Okla. 


Field Evaluation of Cathodic Protection of Cas- 
ing by J. E. Landers, J. D. Sudbury, J. J. 
Lehman and W. D. Greathouse, Continental 
Oil Co., Ponca City, Okla. 


Refinery and Chemical 
Process Industries 
Symposium—Part 1 


W. L. VORHIES, Freeport Sulphur Co., 
Port Sulphur, La., Chairman 

R. M. EELLS, Esso Standard Oil Co., 
Baton Rouge, La., Co-chairman 


Corrosion of Refiinery Equipment by Aqueous 
Hydrogen Sulfide, by R. V. Comeaux, Hum- 
ble Oil and Refining Co., Baytown, Texas. 

H2S corrosion problems at temperatures below 
400 F in the presence of water are presented 
for a wide range of refinery equipment. The 
most commonly aenaeee’ solutions to the prob- 
lems of corrosion and fouling are the use of 
resistant alloys and/or aeenraenies plus film- 
forming corrosion inhibitors. Experience at sev- 
eral units employing steel condenser tubes ex- 
posed to waters contaminated with H2S and 
other acids will be discussed. A theoretical study 
of the corrosion of steel in H2S solutions reveals 
that prevention of high velocity, low pH ex- 
posures should be an effective control measure. 
Analysis of several failures of steel-tubed ex- 
changers are discussed in the light of additional 
improvements that may be possible in design 
and selection of materials. Preliminary tests 
indicate that zinc or aluminum coated steel 
tubes may be useful in this environment. 


Plastic Materials of Construction by John J. B. 


ican Haveg Industries, Wilmington, 
De 
Use of Silicone in Refining and Process Indus- 
tries, by M. H. Leavenworth, Dow Corning 
Corp., Dallas. 
The background of the nature of silicone ma- 
terials is explained. Some of the physical proper- 
ties of silicone materials, are demonstrated, 
showing the high and low temperature proper- 
ties and some of their other unusual character- 
istics. Emphasis is placed. on coatings that can 
be used to protect materials against corrosion. 
The discussion on coatings includes resinous 
materials for high temperature protective coat- 
ings as well as release coatings for the treat- 
ment of pipes and other equipment that handle 
sticky products. 


Oil and Gas 
Production Symposium 
Part 2 


Well Completion and Corrosion Control of High 
Pressure Gas Wells, by W. F. Oxford, Jr., 
Sun Oil Co., Beaumont, Tex., E. H. Sullivan, 
United Gas Co., Shreveport, La. and D. R. 
Fincher, Tidewater Oil Touston. 

Since 1950, the completion of the higher pres- 


(Continued on Page 72) 
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Business, Social 
Events Listed for 
Regional Meeting 


Final arrangements and details are 
complete for the NACE South Central 
Region Conference and Exhibition, to 
be held in New Orleans, October 20-24. 
a events will be at the Roosevelt Ho- 
tel. 

The Oil and Gas Production and Re- 
finery and Chemical Process Industries 
symposis each will hold two sessions. 
Including technical committees, 24 tech- 
nical meetings will be held at the Con- 
ference. 

As part of the meeting, executives of 
the region will meet at the South Cen- 
tral Region Board of Trustees Lunch- 
eon to be held in the Orleans room, the 
Roosevelt Hotel on Thursday. The re- 
gion’s education committee will meet at 
a luncheon in the Gold Room Tuesday. 


Business Luncheon Wednesday 

The annual business luncheon will be 
held at noon, Wednesday in the Gold 
Room. Clayton Rand, nationally known 
speaker and humorist will address the 
group. Thursday and Friday, prior to 
symposia meetings, breakfast will be 
held for authors who will present pap- 
ers at the symposia. Technical commit- 
tees will meet Monday, Tuesday and 
Wednesday morning. Wednesday after- 
noon has been left free for visiting ex- 
hibits. 

A reception and dance will be held in 
the International Room Wednesday 
evening from seven to nine. Music for 
dancing will be furnished by Frankie 
Mann’s orchestra. 

For the ladies a program of tours, a 
style show, a luncheon and a breakfast 
have been arranged. Ladies’ headquart- 
ers will be in the Creole Suite of the 
Roosevelt Hotel and will be open all 
day Monday through Thursday. Coffee 
and rolls will be available. 

On Tuesday ladies will meet at Bren- 
nan’s for breakfast from 9:30 to 11:00. 
A walking tour of the French Quarter 
starts at Brennan’s at 11:00. 

Wednesday a sightseeing bus tour 
starts at the Roosevelt Hotel at 1:30 
p.m. The tour will visit the Garden Dis- 
trict, the Lakefront and other places of 
interest. It will end at 4:30 p.m. 


Ladies Program Extensive 

Thursday there will be noon luncheon 
in the University Room of the Roose- 
velt. Mrs. Reynick will give a talk on 
the Mardi Gras. Mardi Gras Belle 
gowns will be modeled. 

On Friday ladies will board the yacht 
“Good Neighbor” for a tour of the Port 
of New Orleans. Since the capacity of 
the yacht is 75 persons, of necessity, 
ladies will be accommodated on a first 
come, first served basis. 

In addition to the special program 


(Continued on Page 72) 
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Battle Comeaux 


Goodman 


MacKenzie 


Rosene Simons 


Duesterberg 


Smith Sudbury 


ENGINEERS 


Fincher 


Leavenworth 


Oxford Robinson 


Sullivan Vorhies 


SOUTH CENTRAL REGION MEETING AUTHORS and OFFICIALS 


JACK BATTLE—Supervising Chemical Engi 
neer, Production Dept., Humble Oil & Ref. Co., 
Houston. Since 1933 he has specialized in the 
solution of oil production corrosion problems, 
he is active in NACE technical committees and 
in API, AIME and ACS. He was educated at 
Southern Methodist University and University 
of Houston. 


G. J. DUESTERBERG—Is president of Plastic 
Applicators, Inc., Houston, a company which 
he organized in November 1945, He is engaged 
in the application of baked plastic coatings and 
rubber linings to tubular goods, tanks and 
equipment to serve the oil, chemical and food 
processing industries of the Gulf Coast and 
Southwest. Mr. Duesterberg received a BS in 
1940 from New Mexico School of Mines, So- 
corro 


J. P. ENGLE—Dowell Division of The Dow 
Chemical Company of Tulsa. Mr. Engle is a 
graduate of West Virginia University, where he 


received a bachelor’s degree in chemistry. He 
has spent ten years with Electro-Metallurgical 
Company, in laboratory control of production of 
various ferro alloys; six years with Babcock 
and Wilcox Company, Research and Develop- 
ment Laboratory, in studies of corrosion funda 
mentals and control; and five years with Dow- 
ell. His present position is Laboratory Group 
Leader in charge of technical service and de- 
velopment work pertaining to the chemical 
cleaning of industrial equipment. He is a mem 
ber of NACE, ACS and ASTM. 


D. R. FINCHER —Is corrosion engineer for 
Southern Division of Tidewater Oil Co., Hous- 
ton. He received a BS in chemical engineering 
from Texas A and M College in 1948. He was 
employed by Tidewater after graduation and has 
been active in corrosion work since 1949. He 
is chairman of NACE Unit Committee T-1B on 
Condensate We'l Corrosion. 


G. L. FLOYD—Dowell Division of The Dow 


Chemical Company, ‘Tulsa. Mr. Floyd received 


a bachelor’s degree in chemistry from the Uni- 


versity of Oklahoma in 1952. Since that time he 
has been continuously employed by Dowell as 
a research chemist, working on problems related 
to corrosion inhibition and the chemical clean- 
ing of industrial equipment. He is a member of 
The American Chemical Society. 


WALTON D. GREATHOUSE—Is Group 
Supervisor, Production Chemistry Research, 
Continental Oil Co., Ponca City, Okla. He has 
had engineering experience in the processing of 
acid gases, in the transmission and combustion 
of natural gas, gas treating, in petroleum _pro- 
duction chemistry. He graduated from Texas 
Technological College in 1937 with a BS in 
chemical engineering. 


O. L. GROSZ—Since 1954 Mr. Grosz has been 
working as a corrosion engineer with The Cali- 
fornia Company, Harvey, La. He has a BS in 
mechanical engineering. 


(Continued on Page 74) 
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Tube-Kote research controls every 
step from the formulation of a new 
coating to the testing'of its effec- 
tiveness in the well 


TT 
e : 4 4 s ae : 


Why Coatings Are Consistently Superior In Quality 


Standardization of materials used in the 
Tube-Kote automatic coating process is vital to 
maintaining desired quality. Any variation of 
pigment, binder or solvent will change the 


thickness, flow and uniformity of the coating. 


Tube-Kote researchers test all materials Quantitative and viscosity tests are 
: . run on every batch of coating to 
before they are used in the plants to make certain make sure that all components are 


that they meet specified standards. in balance as prescribed in the 
Tube-Kote employs a large, full-time research “i8inal_coating formulation. 
laboratory to maintain quality control . . . : j 
to develop new and improved coatings . . . to 
solve special coating problems for customers . . . . an Service Mark Reg. U. S. Pat. Off, 
to keep Tube-Kote foremost in the industry AG Aaa P. 0. Box 20037 e Houston 25, Texas 


it created almost 20 years ago. Branch Plant * Harvey, La. 


TUBE-KOTE RESEARCH AND SUPERIOR METHODS BRING YOU MORE DURABLE COATINGS AND FASTER SERVICE . . . AT LOWER COST PER FOOT! 






















































































































































































































































































































































































































































































































































































































































































































































































SOUTH CENTRAL REGION 


ABSTRACTS 


(Continued From Page 69) 





sure gas wells has increased. The trend toward 
deeper drilling frequently has made necessary 
the production of gas wells with tubing pres- 
sures in excess of 5000 psi. 

Corrosion problems associated with the higher 
pressure gas condensate production were, and 
are, of much concern to the operator. It was 
necessary to obtain higher strength materials in 
order to complete the higher pressure wells. 
Some operators indicated a desire, or preference, 
to change well completion practices. It was not 
knowp if inhibitors, coatings, and other protec- 
tions used effectively in the lower pressure wells 
could, or would, perform adequately in the 
deeper wells with greater temperature and pres- 
sure. [t was anticipated that corrosion would 
ve a problem in most if not all of these “‘super” 
high pressure wells. 

NACE Committee T-1B appointed a Task 
Group in early 1957 to study the problem. The 
scope of this group was to investigate and study 
completion practices and corrosion control means 
and measures concerned with gas wells with 
tubing pressures in excess of 5000 psi. A survey 
of producing companies was made to determine 
what had been done to combat the problem. 
This »aper reflects the results of this survey. 


Polyurethanes—Plastics With an Oil Field 
oo by B. P. Goodman, Tube-Kote, Inc., 
ouston, Tex. 


Although urethane chemistry is over one hun- 
dred years old, being one of the first of the 
organic chemicals to be synthesized, the ure- 
thanes are new to most people in the plastics 
field. Primary application of these materials to 
this field was done by the Germans during 
World War II. As German wartime develop- 
ments were reviewed after the war, it was obvi- 
ous these materials showed great promise for 
use in American industry. 

The key to urethane plastic chemistry is that 
of polymer building through the mechanism of 
reacting an isocyanate group (—NCO) with 
another molecule of some sort containing one or 
more reactive hydrogens. The list of available 
compounds for this reaction is great; therefore, 
a high degree of versatility is possible in this 
new plastics field. By changing the nature of 
the reacting compounds, it is possible to obtain 
foams, rubbers, adhesives and coatings having 
any degree of flexibility or rigidity. 

While room temperature reacted urethane 
coatings are gaining importance, they have ex- 
hibited certain application disadvantages such 
as low tolerance for moisture and toxicity. These 
disadvantages have been overcome using a bak- 
ing-type “‘blocked’”’ isocyanate. The baking-type 
coating, while necessarily limited to specialized 
application, has the advantages of improved 
chemical resistance and adhesion coupled with 
excellent hardness and flexibility. Both labora- 
tory and field testing of this coating material 
have proved it to be a very important and highly 
successful addition to the field of chemical re- 
sistant plastics. 

Because urethane chemistry is new and highly 
versatile, the future of this material in the fields 
of material design and corrosion control holds 
great promise. 


Testing Methods and Apparatus to Determine 
Coating Suitability for Oil and Gas Well Tub- 
ing by G. J. Duesterberg, Plastic Applicators, 
Inc., Houston. 

In formulating a suitable coating for “in the 

hole” tubular goods conditions that must be 

taken into consideration include elevated tem- 
peratures and pressures, corrosive liquids and 
gases that occur naturally in oil and gas wells 
and chemicals that are introduced into the wells 
during completion, such as caustics. Also condi- 
tions of physical abuse such as wire line work, 
distortion and elongation must be considered. 

Various laboratory testing methods simulating 
actual operating condtions to determine coat 
ing suitability are discussed. 


Refinery and Chemical 
Process Industries 
Symposium—Part 2 


ion of Glassed Steel Equipment in 
orrosive Service, by R. FE. Smith. The 
Pfaudler Co., A Div. of Pfaudler Permutit, 
Rochester, N. Y. 


The corrosion resistance of glassed steel is dis- 
cussed. Other properties of practical interest 
are reviewed briefly, including resistance to 
thermal and mechanical shock, absence of cata- 
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lytic effects, anti-adhesion, cleanability and 
repairability. A brief description of the manufac- 
turing process is related to design considera- 
tions. Finally an illustrated series of operating 
industrial installations of glassed steel equip- 
ment are presented as examples of the use of 
the foregoing properties. 


Chloride Stress Corrosion Cracking of the 
Austenitic Stainless Steels by J. P. Engle, G. 
L. Floyd, R. B. Rosene, Dowell Div., The 


Dow Chemical Co., Tulsa, Okla. 

The austenitic (AISI 300 series) stainless steels 
are highly subject to chloride stress corrosion 
cracking. This work was undertaken to define 
conditions under which hydrochloric acid can be 
safely used for chemically cleaning equipment 
containing these steels. 

The active-passive characteristics of the alloys 
play an important role which probably has not 
been understood previously. A number of fac- 
tors, acting together, must be present to produce 
cracking. Indications are that cracking occurs 
in neutral chloride solutions, when passivity is 
destroyed at localized areas of film break-down. 
If the entire surface is activated, as in the pres- 
ence of hydrocholoric acid, no cracking will 
result. 

The data were obtained by tests on horse-shoe 
type specimens, statically stressed to 75 percent 
of yield strength. Specimens in the annealed, 
cold rolled and sensitized condition were used 
to simulate conditions likely to be encountered 
in alloys in the “as fabricated” condition. Ex- 
posures were made in 5 percent hydrochloric 
acid solutions to simulate cleaning conditions. 
Other tests were made in dilute neutral chloride 
solutions at 400 F to simulate operation after 
cleaning. 

The problem of design is considered, as is 
proper selection of alloy types, especialy if weld- 
ing is to be performed during fabrication. 


Nickel Extraction by the Moa Bay Process— 
A Problem _in Materials Selection by C. S. 
Simons, Chief Process Engineer, Cuban 
American Nickel Co., New Orleans. 


A brief description of the Moa Bay process to 
be used by Cuban American Nickel Company 
(a Freeport Sulphur Company subsidiary) to ex- 
tract nickel and cobalt from the lateritic iron 
ores of Moa Bay, Cuba, is given. The high- 
temperature, high-pressure acid leaching step, 
the heart of the process, is described in detail. 
The many problems in design, materials selec- 
tion and fabrication methods involved in apply- 
ing the leaching step on a large scale are dis- 
cussed and the final solution of these problems 
(vessel design, piping, heat exchange, acid in- 
jection and pressure letdown) are indicated. 
Some data on specifications are presentd. 


Offshore Corrosion 
Symposium 


O. L. GROSZ, The California Co., 
Harvey, La., Chairman 


C. L. BARR, Shell Oil Co., 
New Orleans, Vice-chairman 


Offshore Coating Application Developments by 
Jack Eggleston, Vapor Honing Company, 
Inc., Houston, Tex. 


A 12-year progression is given of a new indus- 
try relating the developments of materials, 
equipment, techniques, labor and economics for 
coating offshore installations. Interrelationship 
between manufacturers, applicators and custom- 
ers will be discussed and various past and pres- 
ent co-ordinated factors that can produce the 
optimum in corrosion control offshore will be 
considered. Various methods of letting contracts 
for applicators and related problems that can 
result will be pointed out. A description will be 
given of today’s offshore coating applicator. A 
brief discussion of existing maintenance con- 
tracts with initial problems and various develop- 
ments that have occurred in three years with two 
major oil companies is included. Developments 
related to economics of offshore drilling and how 
these factors have cause and effect relationship- 
ship with the costs of applications offshore are 
discussed. Forecast of the future for offshore 
coating applicators is made. 


Paint Maintenance on Offshore Equipment by 
R. M. Robinson, Continental Oil Co., Hous- 
ton. 


Aluminum Anodes for Cathodic Protection, by 
R. L, Horst, Jr., Aluminum Company of 
America, New Kensington, Pa. 


Development of the aluminum anode alloy is 
described and several examples of cathodic pro- 
tection with aluminum anodes are given. The 
comparative values of aluminum to other metals 
as a galvanic anode material are discussed. 
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Pipeline Symposium 


MARION FRANK, Tennessee _ Gas 
Transmission Co., Houston, Chair- 
man 


DEAN GRIFFITH, Shell Pipe Line Co., 
Houston, Vice-chairman 


Sacrificial Anodes for Submerged Pipelines by 
Robert G. Ransom, Tennessee Gas Transmis- 
sion Co., Houston. 

System expansion into offshore areas for gas 

supply requirements presented hithertofore un- 

encountered problems in regards to maintenance 
of a submerged pipeline. : 

Protective requirements for offshore sections 
of the line remote from practical sources of im- 
pressed protective current and subject to ir- 
repairable coating damage during installation 
dictated use of a large amount of sacrificial 
anode material. Inaccessibility of the line after 
laying meant reliability and long life were 
paramount design factors. ‘ 

Pipelaying methods employed required no 
projections beyond the surface of the concrete 
weight coating and an essentially uniform line 
surface was necessary. 

An anode design evolved consisting of a 
sleeve or bracelet of material replacing a por- 
tion of the weight coating on certain joints of 
pipe. 

The bracelet of anode material consisted of 
anode sectors assembled into an annular ring 
about the pipe using a circumferential steel 
band at each end for support. Pipeline design 
with the working pressures involved prevented 
any oe welding of the assembly to the pipe 
itself. , 

Anode material requirements included resist- 
ance to passivity in seawater, good current ef- 
ficiency, relatively low driving potential and 
molding considerations for the anode sector 
shape employed. aed 

Because of the low electrical resistivity of 
the environment, current distribution aspect was 
considered secondary to a standardized spacing 
for the pipelaying job. Then an anode length 
was determined to provide the necessary anode 
material for the protective requirements. 

Experience gained with the completion of the 
first installation of 26-inch pipe has materially 
aided in the design of naceaaiion for subsequent 
pipeline installations of various diameters. 


Development and Evaluation of deep ground 
beds, by Paul Miles, Corrosion Group Leader, 
Interstate Oil Pipe Line Company, Shreve- 
port, La. j 

An economical method of applying cathodic 

protection to bare pipe lines in high resistance 

soil has been found. Interstate Oil Pipe Line 

Company is now using 250-foot vertical anodes 

with unusual success. This paper deals with 

the development, design, installation, perform- 
ance and cost data of such groundbeds. 


Corrosion Control on Aerial Pipe Line Crossings 
by Gordon O. Davis, Transcontinental Gas 
Pipe Line Corp., Houston. 


New Orleans Meeting— 
(Continued From Page 69) 


planned for them, ladies also are in- 
vited to the reception and dance Wed- 
nesday, 7-9 p.m. in the International 
Room of the Roosevelt. Frankie Mann’s 
orchestra will play. 

All charges for ladies’ activities are 
included in the $7.50 registration fee. 


Bibliographic Surveys of Corrosion pub- 


lished by NACE now cover the years 
1945-53 inclusive. 


SINGLE COPY PRICES OF 
CORROSION INCREASED 


Effective at once the price of 
single copies of CORROSION to 
members of the National Associa- 
tion of Corrosion Engineers will be 


$1 each. The price of single copies 
to non-members of NACE will be 
$2 each. 

For issues dated two or more 
years past (i.e. all issues dated 
1956 or earlier) the price per copy 
is $2 to members and non-members 
alike. 
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R. L. HORST, JR.—Graduated from Columbia 
University in 1948 with an MS in chemical 
engineering. He joined the sales development 
division of the Aluminum Company of America 
where he has been concerned with a variety of 
corrosion studies. Mr. Horst has published ar- 
ticles on cathodic protection, aluminum and 
magnesium anodes and aluminum alloy appli- 
cations in the chemical and processing indus- 
tries. He is a member of NAC 


W. C. KOGER—Cities Service Oil Co., is head 
of the corrosion and oil treating section, oil 
production division, Bartlesville, Okla. He has 
»een with Cities Service since immediately after 
his graduation from the University of Arkansas 
with a BS in chemical engineering in 1944. His 
first assignment was refinery research. In 1946 
he was transferred to the company’s oil pro- 
duction division as corrosion engineer in_ the 
West Kansas division. Mr. Koger is vice chair- 
man of NACE Technical Committee T-1 on Oil 
String Casing Corrosion, West Kansas Area. 
He is also a member of three other working 
NACE technical committees. He is the co- 
chairman for the Oil and Gas Production Sym- 
posium for the 15th Annual NACE Conference. 


J. E. LANDERS—Is associated with Continen 
tal Oil Co., Ponca City, Okla., with a break of 
two years for military service from 1955-57. He 
is a graduate of Southern Methodist University. 
He joined NACE while a student. 


M. H. LEAVENWORTH—lIlas been with Dow 
Corning Corp. since 1945. He opened the firm’s 
Southwest branch office in Dallas in January 
1948 which he has headed since that time. Mr. 
Leavenworth joined the firm’s sales force in 
1946 and served as a technical representative in 
the state of Michigan. During World War II 
he was an instructor in aircraft maintenance for 
Navy personnel at Norman, Okla. and for the 
Army Air Force at Willow Run, Mich. He has 
a BS from Eastern Michigan College, graduat 
ing in 1939. 
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JOHN J. LEHMAN—Is district engineer for 
the Continental Oil Co., Plainsville, Kans. He 
has been a member of "NAC E since 1956. He 
has a BS in chemical engineering and has done 
graduate study. 


Cc. C. NATHAN —Is research chemist at Tex- 
aco’s Exploration. and Production, Research di- 
vision, Bellaire, Texas, where he is working on 
corrosion inhibition. He holds three patents for 
developments in this field. He is the author of 
technical articles on corrosion and is a grad- 
uate of Rice Institute and received his MS and 
PhD at the University of Pittsburgh. He is 
chairman of NACE Task Group T-1K2, vice 
chairman of T-1K and is a member of T-1C 
and T-1D. 


T. R. NEWMAN—Is Research Chemist, Phy- 
sical Chemistry Laboratories, National Alumi- 
nate Corporation of Chicago. Mr. Newman re- 
ceived a BS in chemistry from the University 
of Chicago in 1949. He joined the National 
Aluminate Corporation in 1949 and has been 
with them since. Mr. Newman’s fields of re- 
search have included coagulation, corrosion and 
analytical techniques. For the past several years 
his work has been concerned with corrosion in 
aqueous systems. 


W. F. OXFORD, JR.—In the Corrosion An- 
alytical Group, Production Research Laboratory, 
Gulf Coast Division, Sun Oil Co., he was head 
of the firm’s section in 1955. He is engaged in 
oil and gas condensate well corrosion problems 
and salt water disposal studies. Mr. Oxford 
received a BS in chemistry from Texas A & M 

College where he also taught chemistry and did 
eae work. A member of NACE since 1950, 
he has been vice chairman of Technical Group 
Committee T-1 on Corrosion in Oil and Gas 
Well Equipment and was vice chairman of the 
Oil and Gas Production symposium for the 1955 
annual NACE Conference. The followinng year 
he was co-chairman of the symposium. He is a 
member of technical committees T-1B, T-1B-1, 
T-1C, ‘3-9, T-1M,. T-5C4, T-ikK and T-1K-3. 


ROBERT M. ROBINSON—Is Senior Produc- 
tion Engineer with Continental Oil Co., CATC 
Marine Region, New Orleans Division. He has 
been with Continental Oil Co. since 1954 and 
has been concerned with offshore corrosion con- 
trol since that time. He is a member of NACE, 
past chairman of the New Orleans- Baton Rouge 
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Sets a new standard 
for paint protection 


RUBBER COAT | 
NEW qUD HYPALON/ | 


Here’s we protection ... plus! You can 
brush or spray Rubber-Coat Liquid Hypaton 
as easily as ordinary paint-and give equipment 




















and structural steel the protection only this 
new Du Pont synthetic rubber can provide: 


@ extreme ozone and weather resistance 
@ extreme resistance to heat and cold: —30°F to 300°F 
@ extreme resistance to chemicals 
@ extreme resistance to oils and grease 
@ in white and a wide variety of colors* 
*Supplied by mixing base plus color additive. 


i For extra rust resistance use Totrust Instant Dry 
f Primer as a first coat. Totrust Instant Dry 
Primer stops rust at its source, dries in minutes. 
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Section, past chairman of Group Committe 
T-1M on Offshore Corrosion and was co-chair 
man of the Marine Symposium for the 1957 
South Central Region Meeting. He is also = 
member of other technical committees. 

Before joining Continental Oil Co., Mr. Robin 
son was with Shell Oil Co. in 1950. He workec 
on corrosion mitigation in Kansas and Okla 
homa oil fields until 1954. He graduated witt 
a BS in chemical engineering from Texas A 
& M and received his MS in 1950. 


R. B. ROSENE—Laboratory Director, Dowel 
Division of The Dow Chemical Company, Tulsa 
Born in Novelty, Wash., Dr. Rosene received 
a_ bachelor’s degree from Whittier College ir 
1944 and a PhD from Purdue University ir 
1951. He was research chemist for the Planta 
tion Division, U. S. Rubber Company on_ its 
Far Eastern Plantation in Sumatra, Republic 
of Indonesia in 1951 and 1952. He then joined 
Dowell as a research chemist and was shortly 
thereafter promoted to group leader. He at 
tained his present position as laboratory direc- 
tor in 1954. He is a member of Sigma Xi, Phi 
Lambda Upsilon and ACS. 


C. S. SIMONS—Has been associated with the 
development of the Moa Bay process since its 
inception in 1952. He directed the early in- 
vestigations, carried out at Freeport Sulphur 
Company’s Hoskins Mound, Texas, property and 
moved to New Orleans as chief process engi- 
neer when the pilot plant stage of development 
was reached. He is author or co-author of a 
number of patents (issued and pending) cover- 
ing process and equipment involved in the de- 
velopment. Mr. Simons received his primary edu- 
cation in the Houston public schools and 
received the degree of bachelor of science in 
chemical engineering from Rice Institute in 
1940. He has seventeen years service (including 
a four year leave-of-absence for Army service in 
World War II) with Freeport Sulphur Com- 
pany and its subsidiaries. 


J. D. SUDBURY —Is research group leader, 
Development and Research De yartment, Con: 
tinental Oil Co. He holds a PhD in physical 
chemistry, University of Texas, 1949. He is a 
member of NACE and other engineering or- 
ganizations and for the past nine years has been 
active in oil well corrosion research. He is the 
author of many papers on corrosion control. He 
is a member of six NACE technical committees. 


E. H. SULLIVAN—United Gas Pipe Line Co. 
has been a member of NACE since 1945 and 
has been active in corrosion work since that 
time, In 1957 he was chairman of Shreveport 
Section NACE and was active in technical com- 
mittee T-1. He presently is a member of tech- 
nical committees T-1B, T-1B1, T-1C and T-1M. 
He graduated from Texas A & M College in 
1939 with a degree in engineering administra- 
tion. He is a registered Texas professional engi- 





Mailings Planned for 
Western Region's 


Nov. 17-21 Meeting 


Officials of the Western Region 1958 
Conference are conducting a publicity 
campaign for the region’s Eighth An- 
nual Conference and Corrosion Short 
Course, November 17-21 in Los Angeles. 
Three mailings will be sent out. 

The first mailing in July listed sym- 
posia to be presented on corrosion in 
refineries, aircraft and missiles, food 
processing, marine environments, chemi- 
cal processes, underground metallic 
structutures and petroleum production. 
It went to NACE members, prospective 
corporate members and a selected list of 
non-members. 


The short course will be held during 
the last two days of the program. A 
demonstration type course, it will cover 
cathodic protection instruments and 
their use, surface preparation, applica- 
tion of coatings and paint and plastic 
coatings. Because the course will con- 
sist of field demonstrations, the number 
of persons attending will be limited to 
100. All registrations must be made in 
advance with Frank V. Wilby, Southern 
California Gas Co., P. O. Box 3249, 
Terminal Annex, Los Angeles 54, Cal. 
The conference portion of the program 
will be held in the Statler Hotel. 
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Used Since 1952 
By More Than 
60 Major Companies* 


The Original Non-Conductive 


CASING ‘SZ 
INSULATORS 


Polyester Resin Reinforced With Fiber Glass 


USE THE ORIGINAL—Designed over 6 years ago, this non-conductive casing insulator has been 
tested in field use on pipelines of all sizes, in all climates, and in a multitude of installations all 
over the United States, Canada and in some foreign countries. Its physical properties are unaf- 
fected by sub-zero temperatures. It will take, without damage, many times the stresses ordinarily 
applied to casing insulators, is easy to assemble, permanently non-conductive and highly resis- 


tant to water and hydrocarbons. 


Installed on Large and Small Diameter 


GAS, CRUDE and PRODUCTS PIPELINES 


From Texas to Canada—From New Jersey to California 


2 See a full range of sizes at 
SOUTH CENTRAL REGION NACE * Write for 
EXHIBITION Names Of 


Roosevelt Hotel, New Orleans Major Users 
October 20-24 We have on file names of 
users of these insulators in- 
cluding many major companies 
Non- Conductive Polyester Resin operating pipelines. We will 


Casing Insulators Patent Applied For Fiberglass send you a list of these names 
S Reinforced on request. 


© Ask us for our data sheet 


V/2-inch Through 


ia giving sizes and specifications, 
42-inch 2 LA S$ T ‘ C 2 R 0 ae U C T S physical characteristics and re- 
ports on strength tests. Some 


Fastened with glass tape, metal insulators have been withdrawn 


straps or bolts, depending on size. ene in good condition after use 
We also will design insulators to 105 . Phone and reinstalled elsewhere 
your own specifications. Sizes perma- Rockleigh Place OLive 4-6536 


— on each insulator for Heuston 17, Texas 


PS Fo Paes & Eco B Y 


Brance-Krachy Co., Crutcher-Rolfs- Farwest Corrosion Farwest Corrosion Gas Line Supply Co. Marshall Hyde Irish Pipe Line 
ne. Cummings, Inc. Control Corp. Control Corp. 79 Crosland Drive 1344 Griswold St. Supply Co. 
P.O. Box 1724 P.O. Box 2073 2421 Market St. 1226 Nadeau St., Scarborough, Ont. Port Huron, Mich. Route 2, Box 335 

Houston |, Texas Houston |, Texas Seattle 7, Wash. Los Angeles |, Cal. Canada Shreveport, La. 


































































































































































































Seven Symposia 
Will Cover Wide 
Industrial Area 


A wide variety of corrosion informa- 
tion will be given in the 31 technical 
papers and two educational lectures 
comprising the technical program at the 
Cincinnati meeting of North Central 
Region in October. The papers, ar- 
ranged in seven sym- 
posia and all social 
events will be at the 
Sheraton Gibson 
Hotel. 

A social hour and 
banquet will be held 
on the evening of 
Thursday, October 16. 

Seven technical com- 
mittee meetings also 
are scheduled to be 
held. 

The program fol- 
Hare lows: 














Halbig Falck 


W. E. Hare, DBA-Hare Equipment, 
Cincinnati is general chairman; Sylvan 
B. Falck, Inner Tank Lining Corp., Cin- 
cinnati is technical program chairman 
and John Halbig, Armco Steel Corp., 
Middletown, Ohio is technical program 
committee vice-chairman. 


Wednesday, Oct. 15 


Corrosion Problems in the Process 
Industries 








Alfred D. Jenss, Ampco Metal Inc., 
Cincinnati, chairman. 

Unusual Corrosion Problems, Mars G. 
Fontana, Ohio State University, Co- 
lumbus. 

Corrosion Problems in the Brewing In- 
dustry, Rudolph A. Bender, Jr., 
Bender & Assoc., Westerville, Ohio. 

Copper Base Materials Corrosion Prob- 
lems, Irving 5. Levinson, Ampco 
Metal, Inc., Milwaukee, Wis. 

Corrosion Problems in Nitric Acid and 
Ammonium Nitrate Industries, D. M. 
Carr, The Chemical and Industrial 
Corp., Cincinnati. 


Stress Corrosion Cracking in 
Austenitic Stainless Steels 


O. B. Ellis, Armco Steel Corp., Middle- 
town, Ohio, chairman. 


Statement of the Stress Corrosion 
Cracking Problem, Wayne Z. Friend, 
The International Nickel Co., Inc., 

New York, 
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9:30 am-12 m 












Corrosion by High Purity Water 
2-4:30 pm 










Line Coatings 
4:45 pm 


Propulsion Applications 


9:30 am-12 m 


2-4:40 pm 


4:45 pm 






9 am-12 m 






Stress Corrosion Cracking of Austenitic 
Stainless Steels in High Temperature 
Chloride Water, Mars G. Fontana, 
Ohio State University. 

Motion Picture: Showing Propagation 
of Stress Corrosion Cracks—Mars G. 
Fontana. 

Observations on Stress Corrosion Crack- 
ing of Austenitic Stainless Steels, 
Walter K. Boyd, Battelle Memorial 
Institute, Columbus, Ohio. 

Chloride Stress Corrosion Inhibitor Pro- 
gram, J. H. Phillips, National Alumi- 
nate Corp., Chicago, and W. U. Sing- 
ley, Westinghouse Electric Corp., 
Pittsburgh. 

Summary, Wayne Friend. 

Educational Lectures 

Chemical and Electrochemical Phenom- 
ena in Rocket Propulsion Applica- 


tions, A. A. Watts, Aerojet-General 
Corp., Sacramento, Cal. 


TECHNICAL PROGRAM 


North Central Region Meeting 
CINCINNATI, OHIO—OCTOBER 15-17, 1958 


Wednesday, Oct. 15 


Corrosion Problems in the Process Industries Symposium 
Technical Committee Meetings: T-5B High Temperature Corrosion; T-3F 


Stress Corrosion Cracking in Austenitic Stainless Steel Symposium 
Technical Committee Meeting: T-2K Prefabricated Plastic Film for Pipe 


Educational Lecture: Chemical and Electrochemical Phenomena in Rocket 


Thursday, October 16 


Corrosion Problems in the Nuclear Field Symposium 

Technical Committee Meetings: T-7B North Central Region Corrosion 
Coordinating Committee; T-5A-4 Chlorine; T-6F Protective Interior 
Linings, Applications and Methods 


Protective Coatings, Inorganic Symposium 
Corrosion Problems in the Utilities Industry Symposium 
Technical Committee Meeting: T-5A-6 HF Corrosion 


Educational Lecture: Useful Applications of Corrosion 
Friday, October 17 


Protective Coatings, Organic Symposium 
Developments in Corrosion Resistant Metals Symposium 














Useful Applications of Corrosion, F. S. 
Schultz, Malta Test Station, General 
Electric Co., Ballston Spa, N. Y. and 
A. E. Howe, General Engineering 
Lab. General Electric Company, Sche- 
nectady, N. Y, 


Thursday, Oct. 16 


Corrosion Problems in The Nuclear 
Field 


Fred H. Meyer, Jr., National Lead Co. 
of Ohio, Cincinnati, chairman. 

Corrosion of Materials in Sodium, 
Lithium & Lead, W. D. Manly, Oak 
Ridge National Laboratory, Oak 
Ridge, Tenn, 

Corrosion Testing of the Zircaloys, 
Stanley Kass, Westinghouse Electric 
Corp., Pittsburgh 


(Continued on Page 78) 
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ged for Cincinnati Oct. 15-17 
TECHNICAL PROGRAM CHAIRMEN AND AUTHORS 


Bender 


Fontana Galloway 


Graham Kendall Kretschmer Levinson 


ay 


Mackey McDaniel 


Miller Munger Pelton Phillips Plankenhorn 
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(Continued From Page 76) 


Evaluation of Container Materials for 
Nuclear Fuel Recovery Processes, 
Paul D. Miller, Charles L. Peterson, 
Earl L. White and Walter E. Clark, 
3attelle Memorial Institute, Columbus 

Evaluation of Materials of Construction 
for the Uranyl Ammonium Phosphate 
Uranium Recovery Process, Fred H. 
Meyer, Jr., National Lead Co. of 
Ohio, Cincinnati 

A History of Corrosion Problems in the 

Plutonium Separation Process, Wm. 

L. Walker, General Electric Co., 

Hanford, Wash. 


Inorganic Protective Coatings 


W. M. Spurgeon, General Electric Co., 
Cincinnati, chairman 





Chromium as a Protective Coating, E. J. 
Seyb, Metal & Thermit Corp., Detroit 

Precious Metal Plating and Corrosion, 
H. F. Smith, Smith Electrochemical 
Co., Cincinnati 

Electrodeposited Alloy Coatings, C. L. 
Faust, Battelle Memorial Institute, 
Columbus 

Flame Plating, J. F. 
pany, Indianapolis 


Pelton, Linde Com- 


Ceramic Coatings vs Metal Corrosion, 
W. J. Piankenhorn, Chicago Vitreous 
Corp., Cicero, I. 

Corrosion Problems in the Utilities 
Industries 

W. J. Kretschmer, Columbia Gas Sys- 
tem Service Corp., Columbus, chair- 
man 


’ 





CERTIFICATES of 
MEMBERSHIP in 


NACE 


Certificates of membership in the Na- 
tional Association of Corrosion Engineers 
will be issued on request at $2 each, 
remittance in advance, The certificates, 
which measure 5% x 8% inches, are 
signed by the president and executive 
secretary of the association. 


CERTIFICATES for 
PAST CHAIRMEN 
of REGIONS 

and SECTIONS 


Certificates measuring 9 x 12 inches in 
size, prepared from an engraved plate, 
are available for issuance to regional 
and sectional chairmen, They will be 
supplied on request of the region or 
section at $7.50 each to be paid by the 
region or section, the cost to be classi- 
fied as a non-reimbursable expenditure. 


Address Orders to 
T. J. Hull, Executive Secretary 


NATIONAL ASSOCIATION OF 
CORROSION ENGINEERS 


1061 M & M Bldg., Houston 2, Texas 
























Seyb Sims 





Watts 


Soil Oxidation Reduction Potential De- 
termination, Roger E. McVey, The 
Manufacturers Light and Heat Co., 
Pittsburgh 

Plastic Coated Pipe, H. M. McDaniel, 
Republic Steel Corp., Cleveland, Ohio 

The Use of Filming Amine for Preven- 
tion of Corrosion in Condensate Sys- 
tems, Edward E. Galloway, Cincinnati 
Gas & Electric Co., Cincinnati 

Glass Fiber Reinforcing of Coatings, B. 
A. Graham, L-O-F Glass Fibers Co., 
Waterville, Ohio 


Friday, Oct. 17 
Organic Protective oe 

Sylvan B. Falck, Inner-Tank Lining 
Corp., Cincinnati, chairman 

Structural Design and Corrosion, C. G. 
Munger, Amercoat Corp., South Gate, 
Cal, 

\ Classification of Protective Coatings 
According to Their Performance, 
Kenneth Tator, Kenneth Tator Asso- 
ciates, Coraopolis, Pa. 

Practical Aspects of Protective Coating 
Ss renga are J; R. Allen, and G: 
Mackey, _ du Pont de Nemours & 
icon 2 tee Del. 

Acid Brick and Corrosion Resistant 
Mortars in Chemical Construction and 
Maintenance, Thomas FE. Ronay, The 
Richardson Co., Melrose Park, II. 


Developments in Corrosion-Resistant 
Metals 
F. W. Fink, Battelle Memorial Institute, 
Columbus, chairman 
Some Recent Developments in Light 
Metals, P. D. Frost, Battelle Memo- 
rial Institute, Columbus 





Rectifiers Is Topic 


At its August 5 meeting, Shreveport 
Section scheduled a talk by T. P. Wil- 
kinson, the Holcombe Co., Shreveport. 
His subject was “Rectifiers for Cathodic 
Protection.” 


Corrosion Resistant Metals Topic at Cincinnati 
TECHNICAL PROGRAM CHAIRMEN, AUTHORS 


Smith Spurgeon 


Uncommon Engineering Metals, L. F. 
Kendall, Jr. and John P. Denny, Gen- 
eral Electric Company, Schenectady, 
Ns Ys 

Developments in High-Strength, Corro- 
sion-Resistant Alloys, F. H. Beck, 
The Ohio State University, Columbus 

Recent Developments in Oxidation Re- 
sistance and Protection of Refractory 
Metals, C. T. Sims, Battelle Memorial 
Institute, Columbus 

New Developments in Heat Treatment 
Improve Corrosion Resistant Alloys, 
Walter A. Luce, The Duriron Co., 
Dayton, Ohio. 





NORTH CENTRAL REGION 


ABSTRACTS 


Corrosion Probjems in the 
Process Industries 


Unusual Corrosion Problems by M. G. Fontana 
Problems different from ‘the run-of-the-mill” 
or ordinary corrosion problems are discussed 
and illustrated by black-and-white and color 
slides. Examples include unexpected failures and 
also problems difficult to solve. Chemical plant, 
oil refinery, petroleum production and_ other 
problems are described. Some of the informa- 
tion presented resulted from visits to offshore 
platforms in the Gulf of Mexico, the island 
of Aruba off the coast of Venezuela and the 
Dominican Republic. 





Corrosion Problems in the Brewing Industry by 

Rudolph A. Bender, Jr. 

Corrosion in a brewery can become an expen- 
sive factor, if conditions suitable for corrosion 
are not properly considered in design of equip- 
ment or operation thereof. The nature of the 
brewing process incorporates most of the ele- 
ments for potential corrosion, but they can be 
minimized or entirely eliminated by the judicious 
choice of materials of construction and/or ap- 
propriate preventative measures, 

Case histories of interesting phenomena that 
have occurred in recent years and the practical 
and successful counter-measures finally adopted 
are discussed. The fallacy of being too dogmatic 
in evaluating corrosion possibilities is demon- 
strated. 

The increasing popularity of ‘intensified’ 
cleaning methods, favoring increased rates of 
corrosion, predicts the use of more cable metals 
of fabrication. 


Copper Base Material Corrosion Problems by 

Irving S. Levinson 
A review of the various types of corrosion prob- 
lems that can occur in the process industries 
when using non-ferrous materials. 

Case histories are given with remedial action 
taken, for problems with oxygen shielding, de- 
zincification, de-aluminification, stress-corrosion 
cracking, velocity, cavitation and erosion, corro- 
sion fatigue electrolytic corrosion, etc. 

A detailed study of stress-corrosion cracking 
in aluminum bronze is described. 

Consideration is given to various alloys in 


(Continued on Page 79) 
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NORTH CENTRAL REGION 


ABSTRACTS 


(Continued From Page 78) 













the copper-base field and the author’s experi- 
ence in getting the most out of each in given 
circumstances. 






Corrosion Problems in Nitric Acid and Ammo- 
nium Nitrate Industries by D. M. Carr 

In nitric acid plants, the problems and limita- 
tions are well defined and can be met by proper 
selection and heat treatments. Unless boiling 
acid is encountered, 304L, 321 and 347 maybe 
used without heat treatment; 304 and 430 maybe 
used with proper heat treatment. Carbon con- 
tents must be low. For applications above 250 F 
or with boiling, Duriron or tantalum must be 
used. Titanium may work. Condensation with 
subsequent evaporation is always bad. 

Heat stresses often cause cracking, usually 
where design does not permit free expansion. 
This is especialy true in tube sheets. 

Sometimes, cooling water with chlorides and 
other metals corrodes metal that withstands 
acids. 

In ammonium nitrate solutions, aluminum is 
widely used. There are indications that it should 
be as pure as possible. Variations in analyses 
within the manufacturer’s specifications have 
been giving trouble in three locations. Normally, 
the low magnesium alloys are considered satis- 
factory by the manufacturer. 



























Stress Corrosion Cracking in 
Austenitic Stainless Steels 


Stress Corrosion Cracking of Austenitic Stain- 
less Steels in High Temperature Chloride 


Waters by Mars G. Fontana 
Stress-corrosion cracking of austenitic stainless MEAS ¥ 


steels was studied under various conditions of 
tress, chloride concentration, complete immer- 
sion of specimens, intermittent wetting and dry- 


ing and presence of oxygen. Stress-corrosion C 

cracking will occur at stresses as low as 2000 om a Ss X reme 
psi at 50 ppm NaCl. A three-dimensional analy- 

sis of stress-corrosion cracks was made and a 

mechanism of cracking proposed. 


A movie showing propagation of cracks at Corrosion Conditions ! 


actual speed will be presented. 
















Observations on Stress Corrosion Cracking of 























Austenitic Stainless Steels by Walter K. Boyd An investment i ‘ : . 
Case ene 2 of a number of stress corrosion . cin Chemfast protection now will pay you main- 
cracking failures encountered in plant service —_, 
are presented and discussed. Emphasis is placed tenance dividends for years to come. Check these Chemfast 
on the type, extent and frequency of the crack- ’ 
ing observed. Research techniques employed to features Cos they ll save money for you! 
establish that the failure is one of stress crack- 
ing also are described. e Contains Devran Epoxy Resin 
Chloride Stress Corrosion Inhibitor Program by @ Resists Chemicals 

J. H. Phillips and W. J. Singley . ‘ - 

A series of screening tests were run in tilting e Exceptionally durable for interior or 
— to ee the performance of exterior 

selected, potential inhibitors in preventing chlo- : : ° 

ride stress corrosion atin of Type < austen- e Resists excessive abrasion 

itic stainless steel in alkaline-phosphate boiler e@ High Operating Tem — 
water containing 50 or 500 ppm chloride. The U 7 350°F S sempemen 

tests were conducted at a temperature of 500 F Pp to . 

and saturation pressure. On the basis of the e Available in functional, morale- 
screening test results, a number of the more buildi 1 ” 

promising inhibitors were tested further to ullding colors 

ew concentration — Of wd chemicals @ Chemical resistance effective on wood, 
tested, nitrate appears to be a satisfactory in- 

hibitor for boiler application. Sodium sulfite also metal and masonry surfaces 
effectively prevents chloride stress corrosion @ Apply by conventional methods 
cracking by scavenging oxygen. including hot spray 





Sitieentiouns iuateves Truscon qualified representatives will provide prompt inspec- 






Chemical and Electrochemical Phenomena in tion, color idance and consultati i i i 
wmical and Electrochemical. Phenomena in , gui tation without obligation. 
Watts Send Coupon Now For Full 











The principles of electro-chemistry as related to 
corrosion and other electrochemical applications 
for rocket engine systems are reviewed briefly. 
Application of these principles is discussed with 
respect to corrosion of structural materials at 


low. and moderately elevated temperatures b 
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ably with environmental composition, which in 
turn is affected by time - temperature - pressure 
relationships. High-temperature corrosion rates 
are quite different in rocket combustion environ- 
ments than in the combustion products of air- 
breathing systems. 

Many other principles of electro-chemistry are 
utilized in the utilization of chemical milling, 
stripping solutions, electro-forming processes 
and deposition of electroless coatings. Electrode 
polarization studies can be very important in 
controlling reactions in these processes. 


Useful Aspects of Corrosion by F. 
and A. Ek. Howe H 

In their constant fight to overcome or minimize 

corrosion, few engineers stop to think of the 


S. Schultz 
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many useful aspects of corrosion which take 
place around us daily. 

Controlled corrosion is used extensively for 
producing energy electrically, for cleaning metals 
and for metal removal processes, The latter use 
has grown into prominence in the last few years. 
Processes such as chemical milling, electro- 
lytically assisted grinding and virtual electrode 
machining, which are all corrosion processes are 
revolutionizing metal machining operations. 
These processes, their application and limita- 
tions are discussed. 


Corrosion Problems 
in the Nuclear Field 


Corrosion of Materials in Sodium, Lithium, and 
Lead by W. D. Manly 
For the past several years the liquid metals 
sodium, lithium, lead and bismuth have been 
examined for possible use as heat transfer media 
in the various atomic energy programs. Many 
corrosion techniques and equipment have been 
developed during this time to study corrosion 
by these unique coolants. It has been found that 
liquid metal corrosion is mainly a_ solution 
phenomenon. The effect of impurities, tempera- 
ture, temperature gradient and flow velocity on 
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the corrosion mechanism has been examined and 
will be presented in this paper. Temperature 
gradient mass transfer and isothermal mass 
transfer (dissimilar metal transfer) will be dis- 
cussed. 


It has been found that sodium is compatible 
with most constructional alloys of the cobalt- 
base, nickel-base or iron-base type. Lithium and 
lead are more difficult to contain and _ only 
materials such as pure iron, iron-base alloys, 
400 series stainless steels, molybdenum, tung- 
sten, columbium and tantalum show much 
promise as containers. In these environments 
the austenitic stainless steels and nickel-base 
alloys are severely corroded. 


ae Testing of the Zircaloys by Stanley 
ass 

Zircaloy-2 and Zircaloy-3 have found extensive 
application in water cooled and moderated reac- 
tors due to their excellent corrosion properties 
in high temperature water and steam. These 
excellent corrosion properties are inherent in the 
alloys; however, the corrosion behavior in pres- 
surized high temperature water and steam is 
greatly influenced by sample preparation and 
the manner in which the test is conducted. This 
paper is concerned with the external factors 
influencing the corrosion behavior of the Zirca- 
loys. These factors include sample preparation 
and identification, cleaning, etching and rinsing, 
as well as test equipment and procedures, 


Evaluation of Container Materials for Nuclear 
Fuel Recovery Processes by Paul D. Miller, 
Charles L. Peterson, Earl L. White, and 
Walter E. Clark 

The selection of suitable materials for proces- 

sing equipment is most important in fuel re- 

covery. The problem arises because of the 
aggressive nature of the reagents that must be 
used to dissolve some of the spent fuel elements. 

In this investigation, corrosion tests were made 

under conditions simulating those that may 

occur in several proposed processes, in order 
that candidate materials of construction could 
be evaluated. 

No material has been found which would 
allow both the hydrochlorination and dissolution 
steps of the vapor-phase Zircex process to be 
carried out in a single vessel unless corrosion 
rates of the order of 3 mils per month, or 
higher, could be tolerated. Several materials 
such as Inconel, Haynes 25, Type S-816 alloy, 
Ulium R and the Hastelloys B and C appear 
promising for construction of a hydrochlorinator 
in a two-vessel process where the dry residue 
would be transferred to another vessel of, per- 
haps, titanium or tantalum for dissolution. 

A variety of laboratory studies have shown 
that titanium will apparently withstand any con- 
dition likely to occur in the critical areas of 
the Darex process, including the dissolver and 
chloride-stripping column. It will undergo a 
severe attack in HCl vapor, but this is easily 
prevented by the presence of a small amount of 
nitric acid vapor or oxides of nitrogen. 


Evaluation of Materials of Construction for the 
Uranyl] Ammonium Phosphate Uranium Re- 
covery Process by F. H. Meyer 

A new uranium scrap recovery processing tech- 

nique required the selection of materials of con- 

struction for the process. Many of the problems 
were solved by using lined equipment (rubber 
and Saran). The present paper deals with the 
evaluation of various metals in the phases of 
the process by means of an experimental in-plant 
test rack program in cooperation with the 

American Iron and Steel Institute and Inter- 

national Nickel Company. 


Inorganic Protective 
Coatings 


Chromium as a Protective Coating by E. J. Seyb 
Although chromium is a relatively active metal, 
it passivates on exposure to air to give an 
exceptionally corrosion resistant coating. This 
resistance to oxidation is active at room and 
elevated temperatures. Because of the extreme 
inertness of chromium to oxidation, it is cathodic 
with respect to basic metals in most galvanic 
cells. Thus the primary protective value of 
chromium coatings is dependent on a continuous 
coating and to a lesser extent on low solubility 
of chromium corrosion products. These consider- 
ations have led to extended efforts in the past 
several years to improve corrosion resistance of 
plated articles by improving chromium deposits. 
Several approaches in this direction are de- 
scribed along with an estimation of the degree 
of practical success achieved. 


abe iar So _— Plating and Corrosion by Harold 
*. Smith 
A partial summary of the methods of deposition 
of a group of precious metals including rhodium, 
platinum, silver and gold, along with the corro- 
sion protection afforded by each is presented. 
Findings with respect to adhesion and corrosion 
or oxidation at elevated temperatures up to 
2000 F are exhibited. 

The use of nickel as an intermediate coating 
(Continued on Page 81) 
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between the base metal and the precious metal 
film is evaluated. 

Finally, results of ball burnishing of the com- 
mon precious metal deposits when subjected to 
high humidity and also salt spray tests is dis- 
cussed. 


new Alloy Coatings by Charles L. 
aust 

In corrosion the principal villain at moderate 
temperatures is moisture, at high temperatures, 
oxygen or other reactive gas. Alloy coatings can 
protect another metal from these corrodants 
better than single metal coatings. The alloys do 
so because of more favorable galvanic relation- 
ship to the basic metal, greater impermeability, 
better coverage and better resistance of the 
coating. 

Better protection is not simply a matter of 
choosing the right alloy for its own chemical 
stability. The condition of the surface and the 
method of applying the coating can be critically 
important. The tendency for a coating to form 
a diffusion alloy with the basic metal needs 
consideration and is especially important for 
protection at temperatures above about 800 F. 

Alloy coatings are applied by electrolytically 
codepositing two or more cantat simultaneously 
and by electrodepositing layers of individual 
metals subsequently alloyed by diffusion. Alloy 
coating also is achieved by chemical reduction. 

Frequently a choice must be made as to 
method of alloy plating. Each method will have 
special advantages and certain limitations. As 
for any process, each of the methods gives its 
best product only when the correct procedure 
is followed. Deviation causes inferior properties 
in a coating and incorrect preparation of the 
surface can defeat an otherwise good perform- 
ance by a coating. Diffusion alloying with the 
basic metal can be a blessing or a detriment, 
which depending on the system involved. 

The principal factors in attaining good pro- 
tection are pointed out and illustrated by ex- 
amples. 


Flame Plating by J. F. Pelton 

Flame Plating is a novel process for applying 
dense, adherent coatings of high melting metals, 
metal carbides, oxides and other materials. The 
process utilizes a detonation in a mixture of 
oxygen and acetylene to heat particles of the 
coating material, to surround them in a protec- 
tive atmosphere and to prope! them onto the 
workpiece at very high velocity. The part can 
be cooled during coating so that there is no 
warpage or metallurgical change in the base 
metal. There are some limitations on size and 
shape of parts that can be coated. Because of 
the high noise level, the coating operations are 
carried out by remote control in a soundproof 
cubicle. 

A variety of coatings has been developed to 
meet differing needs of industry. Some of these 
are intended primarily for wear resistance at 
moderate temperature, while others are for cor- 
rosive environments or high temperature service 
in oxidizing atmospheres. Limited work has 
been done on coatings designed to protect other 
materials from high temperature oxidation. 

Colored slides illustrate the basic process, 
production equipment and typical coated parts. 


Ceramic Coatings vs Metal Corrosion by W. J. 
Plankenhorn 
Porcelain enamels have been proved by long 


(Continued on Page 82) 
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years of experience to afford protection for 
metals against oxidation and corrosion under 
adverse conditions at temperatures approaching 
a red heat. Ceramic coatings, which may contain 
porcelain enamel frits fortified with refractory 
materials or be of the straight oxide type, have 
been effective in protecting metals and alloys 
at much higher temperatures. 

Wide variations in the properties and charac- 
teristics of both porcelain enamels and ceramic 
coatings can be produced through the selection 
of the frit and the mill added materials and also 
by controlled differences in processing. It has 
not been possible to develop a single universal 
coating with a high degree of all the desirable 
properties. Consequently, it is generally neces- 
sary to develop a porcelain enamel or a ceramic 
coating for each specific application of which 
there is an ever increasing number. 


Corrosion Problems in the 
Utilities Industries 


Soil Oxidation Reduction Potential Determina- 
tion by Roger E. McVey 

Anaerobic corrosion of iron in soil occurs as 
the result of the activity of sulfate-reducing 
bacteria. The degree of soil reductiveness, which 
can be measured as the oxidation-reduction po- 
tential, serves as an index of the severity of 
anaerobic corrosion. 


A method of determining areas conducive to 
this type of corrosion involves the use of the 
newly developed soil redox probe for measuring 
this oxidation-reduction potential. 

The field use of this probe, including probe 
cleaning procedures and calibration are presented. 


Plastic Coated Pipe by H. M. McDaniel 

A brief history of sales and experiences with 
plastic pipe is given as a background for the 
early work on plastic coated steel pipe. The de- 
velnsuinied of the present day coating is traced 
step by step based on several combinations of 
coatings which were produced and tested. Vari- 
ous means ot cobain coatings are described. 
Slides are used to illustrate the process of apply- 
ing a continuously extruded plastic coating over 
steel pipe. 


Use of Filming Amine for Prevention of Corro- 
sion in Condensate Systems by Edward E. 
Galloway 

The use of filming amine to protect turbines and 

condensate systems against carbon dioxide and 

oxygen corrossion is covered. Filming amine has 
been used for almost two years at 1250 psi and 

900 F in a central power station where carbon 

dioxide and oxygen are normally quite high. 

Effects on corrosion test specimens in various 

locations before and after the use of filming 

amine are presented. Other data pertaining to 
the effects of the filming amine on _ turbine 
erosion-corrosion also are presented. 


Glass Fiber Reinforcing of Coatings by B. A. 

Graham 
Glass compositions, chemical and physical prop- 
erties of glass fibers are presented. Reinforcing 
properties for corrosion resistant coal tar coat- 
ings are compared to reinforcements for plastics. 
In describing the forms of glass fiber used, 
comparisons are made between monofilaments 
and multiple strands and reinforcing properties 
vs fiber diameter and comparison of glass fiber 
mats and woven fabrics. Types of binder and 
size used on the fibers are discussed in relation 
to compatibility with coal tar coatings and the 
temperatures encountered in hot coating appli 
cation. 

Benefits to corrosion protection are cited from 
laboratory tests and field results. Impact resist- 
ance demonstrated. 

Future improvements in glass fiber reinforcing 
are predicted, including use of more fiber, new 
forms of fiber and application in thin film coat- 
ings. 


Organic Protective 
Coatings 


Structural Design and Corrosion by C. G. 
Munger 
The purpose of the paper is to demonstrate the 
points or areas in modern construction which 
are most subject to corrosion and which are 
most difficult to protect. This is demonstrated 
by laboratory experiments showing that edges, 
corners, wedges, rivets and similar common 
structural configurations are focal points for 
corrosion and therefore need extra protection, 


Each of these focal points is described, including 
a suggested method for solving the problem. 


A Classification of Protective Coatings Accord- 

ing to Their Performance by Kenneth Tator 
Various protective coating types in successful 
current industrial use are analyzed. In present- 
ing this analysis, the various coating types are 
classified according to their basic fundamental 
resistances and preferred uses. Material costs 
and application costs also are considered in 
making this classification. 


Practical Aspects of Protective Coating Specifi- 

cations by J. R. Allen and G. Mackey 
Points requiring careful consideration prior to 
the actual preparation of practical and adequate 
protective coating specifications are discussed. 
These include exposure conditions, type and 
condition of substrate, size and shape of items 
to be coated, economics, local limitations, shop 
or field apptications and color requirements. 
With this background, the development of speci- 
fications for surface preparation, coating sys- 
tem, application and inspection is reviewed. In 
addition, the follow-up required to insure that 
the specifications are met in both shop and field 
applications is outlined. 


Acid Brick and Corrosion Resistant Mortars in 
Chemical Construction and Maintenance by 
Thomas E. Rofiay 

Concrete and steel have only limited usefulness 
and life as materials of construction in chemical 
environments. The protection of these two and 
similar most commonly used materials of general 
construction can be achieved by a wide variety 
of methods ranging from the application of a 
protective coating of a few mils thickness, to 
the application of a_ brick lining cemented in 
place with suitably chosen, chemically resistant 
thermosetting mortars. In many instances, this 
latter method of maximum protection is clearly 
indicated and has found wide application in 
food, beverage, textile, steel and chemical indus- 
tries. Certain pre-design and construction criteria 
are of great importance for the success of the 
subsequent application of brickwork. These spe- 
cial criteria hold equally true for the construc- 
tion of acid-proof vessels, as well as acid-proof 
floors. 

To insure maximum service life of both the 
base construction materials and the acid-proof 
brickwork, the use of a membrane between the 
two is necessary. 

The choice of the most suitable acid brick 
and corrosion resistant mortar system will gen- 
eraly depend on the nature = the corrosive 
atmosphere, the process method and tempera- 
ture. Design and construction of the base struc- 
ture and the acid-proof brickwork as well as 
criteria for the proper selection and testing of 
the membrane and mortar materials is discussed 
from the point of view of the design plant and 
maintenance engineer, as well as the contractor 
and applicator. 


Developments in 


Corrosion Resistant Metals 


Some Recent Developments in Light Metals by 
Paul D. Frost 

Aluminum is the brightest star on the light 
metals horizon at the present time. Although the 
supply of all light metals exceeds the demand, 
aluminum has been less adversely affected than 
magnesium and titanium by the recession that 
started in mid 1957 because of the large com- 
mercial market enjoyed by the aluminum indus- 
try. In contrast, the cut-backs and stretch-outs 
in military projects have drastically reduced out- 
lets for magnesium and titanium products. 


The biggest consumer of aluminum continues 
to be the building industry. The comparative 
inertness of aluminum to weather, the light 
construction possible and the increasing use of 
colorful, anodized surfaces makes aluminum a 
most attractive construction material for resi- 
dences, office structures, plants and bridges. 


The automotive industry is using more alumi- 
num each year in passenger cars, mostly in 
automatic transmissions and body trim. The 
1958 usage averages about 45 pounds per car 
(Chrysler products use about 100 pounds per 
car). This is expected to increase each year and 
reach an average of about 80 pounds per car 
by 1965. 

A major development that may drastically in- 
crease this consumption is the very recent inter- 
est in hyper-eutectic aluminum-silicon alloys (up 
to about 25 per cent silicon) for engine pistons 
and possibly engine blocks. High-silicon alloys 
have been used in the past in Germany because 
of their low thermal expansion coefficients. If 
these alloys prove satisfactory in engine parts 
for automobiles, this application could become 
the largest single consumer of aluminum. 


In aircraft and missile fields the introduction 
of the new X2020-T6 aluminum alloy promises 
to extend the usefulness of aluminum into the 
300-400 F range. This alloy contains about one 
per cent lithium and has lower density, a higher 
elastic modulus and higher elevated temperature 
strength than the strongest of current aluminum 
alloys. 

While total military consumption of magne 
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sium and titanium are down, interest in these 
metals for specific applications is high. With 
attention being focussed on missiles and satel- 
lites light-weight alloys of magnesium are ex- 
tremely important. Magnesium-lithium alloys 
are included in this interest because of their 
very low densities. 


Titanium is finding an ever- increasing market 
in chemical plant and marine construction where 
its superb corrosion resistance makes it superior 
to other metals in many applications. The new 
all-beta B120-VCA titanium alloy holds consid- 
erable promise in applications requiring good 
strength and formability. 


Uncommon Engineering Metals by L. F. Ken- 
dall, Jr. and J. P. Denny 

This discussion brings engineers and designers 
up to date on some uncommon metals. The fol- 
lowing information is discussed for zirconium, 
hafnium, vanadium, columbium, tantalum, chro- 
mium and rhenium: Availability, cost, physical 
and mechanical properties, fabrication and ap- 
plications. 


New Developments in Heat Treatment Improve 

Corrosion Resistant Alloys by Walter A. Luce 
The complex high alloy stainless materials re- 
quire careful handling during production and 
fabrication to assure maximum corrosion resist- 
ance. Improper thermal treatments may produce 
physical changes in the alloy, other than com- 
mon chromium carbide formation, which mark- 
edly reduce its resistance to sulfuric acid and 
other similar corrosives. Data are presented on 
work done to study the formation, effects and 
prevention of this phase in cast and wrought 
compositions of the high alloy stainless type. 
Reference to the deleterious effect of secondary 
phases in other complex high alloys is made also. 


Developments in High-Strength, Corrosion-Re- 
sistant Alloys by F. H. Beck 

After a review of developments at other labora- 
tories, a new precipitation hardening cast stain- 
less. steel is described. Some corrosion and 
mechanical properties of the alloy in both the 
solution annealed and aged conditions are pre- 
sented. Metallographic studies show the alloy, 
25% Cr, 5 Ni, 3 Cu, 2 Mo and 0.04 max C, to 
be a duplex structure (austenite-ferrite). The 
age hardening is believed to result from sigma 
phase in finely divided form. 


Recent Developments in Oxidation meapens 
and Protection of Refractory Metals by C. 
Sims 

Relative oxidation behavior and degree to which 
oxide properties affect the oxidation resistance 
of columbium, tantalum, molybdenum, tungsten 
and rhenium are presented. Recent work in de- 
velopment of oxidation-resistant columbium and 
tantalum alloys is reviewed and the current 
status of protection of molybdenum by cladding 
and coating discussed. 


NORTH CENTRAL REGION 
BIOGRAPHIES 


J. R. ALLEN—Senior Service Engineer, Engi- 
neering Service Division, Engineering Dept., E. 
I. du Pont de Nemours & Co., Inc. He does 
consultant and development work on protective 
coatings and thermal insulation. He has a BS 
in ceramic engineering, Georgia Institute of 
Technology. After army service he joined duPont 
in 1946 and spent eight years on research and 
development ot non-metallic materials for chemi- 
cal equipment, two years in insulation and de- 
sign work, then assumed his present position. 


FRANKLIN H. BECK—Associate professor 
and assistant director of the Corrosion Research 
Laboratories at the Ohio State University, En- 
gineering Experiment Station. After receiving 
his BS in metallurgical engineering from the 
Pennsylvania State University in 1943, he was 
employed by the E. I. du Pont de Nemours and 
Company. He later entered the graduate school 
of the Ohio State University, where he earned 
his PhD in 1949. Dr. Beck is the author and 
co-author of a number of corrosion articles. 


RUDOLPH A. BENDER, JR.—Since May, 
1958, with Bender & Assoc., he has had a long 
career of activity in the brewing field starting 
in 1934 as chemist and bacteriologist for Cata- 
ract Brewing Co., Rochester and subsequently 
in various capacities with Hialeah Brewing Co., 
Belmont Brewing Co., White Rose Brewing Co., 
Time Brewing Co., A. Gusmer, Inc., The 
Pfaudler Co. He has a BChE in phy sical chem- 
istry from Marquette University and Master 
Brewer Fermentology, Wahl Henius Institute. 
He is author of numerous technical papers in 
his field and is a lecturer on brewing industry 
problems. He is a member of seven technical 
organizations. 


(Continued on Page 83) 





Tre 


<=. -—D> 


wet et Oe SA 


nai. 2. 





Vol. 14 


in these 
h. With 
id satel- 
are ex- 
1 alloys 
of their 


; market 
mn where 
superior 
The new 
- consid- 
ig good 


F. Ken- 


esigners 
The fol- 
‘conium, 
n, chro- 
physical 
and ap- 


[Improve 
A. Luce 
rials re- 
ion and 
1 resist- 
produce 
an com- 
h mark- 
cid and 
nted on 
cts and 
wrought 
iS type. 
condary 
de also. 


sion-Re- 


labora- 
t stain- 
on and 
oth the 
ire pre- 
> alloy, 
x C, to 
). The 


| sigma 


sistance 


pt. t 


» which 
sistance 
ingsten 
in de- 
im and 
current 
ladding 





Engi- 
pt., E. 
e does 
tective 

a BS 
ute of 
lu Pont 
th and 
chemi- 
nd de- 
sition. 


»fessor 
search 
y, En- 
eiving 
m the 
ie was 
rs and 
school 
earned 
1r and 
Ss. 


May, 
a long 
arting 

Cata- 
uently 
g Co., 
g Co., 

The 
chem- 
Aaster 
titute. 
ers in 
lustry 
hnical 


September, 1958 


NORTH CENTRAL REGION 
BIOGRAPHIES 


(Continued From Page 82) 


WALTER K. BOYD—A project leader of the 
Corrosion Research Division, Battelle Memorial 
Institute, holds a degree in metallurgical engi- 
neering from The Ohio State University and has 
specialized in metallurgical aspects of corrosion 
since 1945. 

Mr. Boyd has considerable experience in the 
development of special alloys. He has contrib- 
uted to development of both low- and _ high- 
temperature corrosion-resistant stainless steel 
alloys and lately has been active in the develop- 
ment of corrosion- resistant uranium and_ zir- 
conium materials. He is an active member of the 
National Association of Corrosion Engineers. 








D. M. CARR—Vice-president of engineering for 
The Chemical and Industrial Corporation, since 
1950 he has made seven trips to Europe and 
visited many states of the union in connection 
with construction and operation of ammonium 
nitrate plants. He has a BS in chemical engi- 
neering, University of Washington, 1925 and for 
25 years worked for E. I. du Pont de Nemours 
& Co., on numerous plants in various capacities, 
including plant manager. 


JOHN P. DENNY—Physical Metallurgy Spe- 
cialist, General Engineering Laboratory, General 
Electric Co., Schenectady, N. Y. After service 
in the Army Air Corps he became research 
engineer at Battelle Memorial Institute, leaving 
there in 1947. His present work with General 
Electric includes precipitation hardening, high 
temperature alloys, cermets, bearing materials. 
He has a BS metallurgy, Colorado School of 
Mines, 1942; MS metallurgy, University of 
Utah, 1948; PhD metallurgy, University of 
Utah, 1950. He is a member of ASM and 
AIMME. 


Oo. B. ELLIS—Senior Research Engineer, Armo 
Steel Corp., has a BS in chemistry, 1922 and 
an MS in physics, 1924 from University of 
Louisville, Ky. He has been in the company’s 
research laboratories since 1932 where he super- 
vises corrosion research. 


SYLVAN B. FALCK—Since 1951 vice-presi- 
dent, Inner-Tank Lining Corp., Cincinnati. He 
formerly was employed as chief control chemist, 
Pharmaceutical Div., Bristol Laboratories, Syra- 
cuse; E. I. du Pont de Nemours & Co., U. S. 
Food and Drug Administration and the War 
Production Board. He has a BS in chemistry, 
Johns Hopkins University. 


CHARLES L. FAUST—Chief of the Electro- 
chemical Engineering Div., Battelle Memorial 
Institute, Columbus, Ohio. He is a past presi- 
dent of The Electrochemical Society, formerly 
a member of its board, is active in editing and 
preparing for publication books and periodicals 
relating to plating and is author or co-author 
of more than 60 technical articles, chapters in 
five books and has over 40 patents. His division 
is concerned with various aspects of metal fin- 
ishing, electrolysis, batteries and waste disposal. 
He has a PhD in chemical engineering, 1934, 
University of Minnesota, was on the War Metal- 
lurgy Committee and now is consultant for the 
Materials Advisory Board of the National 
Academy of Science. He belongs to four tech- 
nical organizations. 


FREDERICK W. FINK— Battelle Memorial 
Institute, is chatrman of the Corrosion Princi- 
ples symposium for the NACE 15th Annual 
Conference and 1959 Corrosion Show to be held 
March 16-20, 1959 in Chicago. Mr. Fink joined 
NACE in 1947 and has served in various capaci- 
ties. He was head of arrangements for the 
educational lectures for the NACE 14th Annual 
Conference held in San Francisco, March 1958. 
He is a past chairman of Technical Committee 
T-3 on General Corrosion Problems and present- 
ly is serving on the ISCC Subcommittee on 
relations with Foreign Technical Organizations. 
He has been with Battelle Memorial Institute 
since 1938, joining the staff as a corrosion en- 
gineer. Last year he was made chief of the 
corrosison research division at the institute. 


MARS G. FONTANA—A past-president of 
NACE, he is professor of metallurgical engi- 
neering and research at Ohio State University. 
He holds several degrees, has received many 
honors including the NACE Speller Award and 
is author and co-author of numerous papers on 
corrosion processes. He also acts as consultant 
on corrosion problems for several big industrial 
firms, 


WAYNE Z. FRIEND—lIn charge of the Corro- 
sion Engineering Section, Development and Re- 
search Division, The International Nickel Co., 
Inc., New York. He has been with the division 
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EWLY engineered mold contour adapts a single unit to fit 

many pipe sizes. This drastically reduces customer equip- 
ment inventory and_ simplifies field 
installations. 









As an example, former equipment for 
CADWELDING #6 wire and smaller to 
all horizontal pipes %4” and larger and 
flat surfaces cost $45.00. The new equip- 
ment cost totals $13.50. 
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since 1937. He is a BSChE from West Virginia 
University (1924) and MSChE (1926) from the 
same school. Before 1937 he was associated with 
Gasoline Recovery Corp., Charleston, W. Va., 
and with Philgas Div., Phillips Petroleum Co. 
Boston and Detroit. 


PAUL D. FROST—Chief, 
sion, Battelle Memorial 
B of Metallurgical 
Rensselaer Polytechnic 
has taken graduate courses at The Ohio State 
University. He was a metallurgical engineer 
with the Republic Steel Corporation, 1940-1943; 
taught metallurgy for Cornell University Exten- 
sion School, 1943-1945; and was with the Cor- 
nell Aeronautical Laboratory, 1943-1945. At Bat- 
telle since 1946, Mr. Frost has had extensive 
experience in the physical metallurgy of alu- 
minum, magnesium and titanium alloys and in 
hot and cold working of these metals. 


EDWARD E. GALLOWAY—The author gradu- 
ated from Ohio State University with a BChE 
degree in June, 1949. He has been employed as 
a staff engineer since July, 1949 with the Cin- 
cinnati Gas & Electric Company. 


B. A. GRAHAM—He is with L-O-F Glass Fibers 
Co., Waterville, Ohio and has been active in 
development, evaluation and production of glass 


Light Metals Divi- 
Institute, received a 
Engineering degree from 
Institute in 1940 and 


fiber materials for ten years. With a BS in 
chemical engineering, University of Michigan, 
1940, he spent part of his army service with 


Manhattan Engineering District. His other in- 
dustrial experience includes five years in the 
paint, plastics and rubber fields. He is a mem- 
ber of the Society of Plastics Engineers. 


A. E. HOWE—He has a BS in Engineering, 
Massachusetts State College, 1920. Mr. Howe has 
had a wide experience in industry, including job 
electroplating as owner of the Tumble Barrel 
Plating Company, several years with NRA and 
Non-Ferrous Foundry Code Authority and three 
years with Cladite Inc., in charge of the De- 
velopment Laboratory for Metallic Pigmented 
Paint. He spent six years in research, develop- 
ment, promotion and consulting on electropolish 
ing and finishing with Lucius Pitkin, Inc. and 


five years with Federal Telephone and Radio 
Corporation as Supervisor of the Finish Engi- 
neering Department. Mr. Howe joined General 


Electric in Bloomfield in 1948 as an engineer 
in finishes and corrosion and joined the General 
Engineering Laboratory in 1956 as Engineer- 
Finishes and Corrosion, Fields of specialization 
are: Atmospheric and natural water corrosion; 
Electropolishing, electromachining techniques, 
and electroplating; Protective and decorative 
coatings for metals 


ALFRED D. JENSS—District manager, Cin- 
cinnati office, Ampco Metal, Inc., he has held 
several positions with his present employer and 
for 10 years was with the Harnischfeger Corp. 
He is an alumnus of University of Wisconsin. 


STANLEY KASS—He has been with Westing- 
house Electric Corporation since 1946, having 
transferred to the Bettis Atomic Power Division 
in 1952 where he now serves as Lead Engineer, 
Corrosion Section, Nuclear Core Department. 
He received a BS in Chemistry from Ohio Uni- 
versity in 1943. Mr. Kass’ principal field of 
work is in the corrosion behavior of nuclear 
reactor materials including zirconium, uranium, 
hafnium and their alloys, 


W. J. KRETSCHMER—Senior Corrosion Engi- 
neer, Gas Engineering Dept., Columbia Gas 
System Service Corp., Columbus, Ohio. Almost 
all of his time since 1939 with the Service com- 
pany has been occupied with corrosion control 
of pipelines, cables and other utility property. 
He attended the electrical engineering depart- 
ment of Ohio State University College of Engi- 
neering, is a member of several NACE technical 
committees, of the AGA corrosion committee 
and past chairman of the AGA subcommittee on 
underground corrosion. 


LOUIS P. KENDALL, JR.—Presently Nuclear 
Materials Engineer, General Engineering Labo- 
ratory, General Electric Co., he has an AB, 
chemistry, Princeton, 1941. He has been with 
du Pont de Nemours & Co. as analytical chem- 
ist and supervisor, worked on the Manhattan 
District project at Oak Ridge and Hanford and 
has been with General Electric since 1946. He 
belongs to ASM and ACS. 


IRVING S. LEVINSON—Sales manager, 
nical Products, Ampco Metal Inc., 
uate of the University of 
University of Illinois in 


Tech- 
he is a grad- 
Michigan and the 
metallurgy. He has 
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been employed also in oil refineries, in gasoline 
plant construction, and as_ chief metallurgist, 
Celanese Corp., Chemistry Division. 


WALTER A. LUCE—A graduate of the Ohio 
State University in 1943 with a bachelor of 
chemical engineering degree. He worked as a 
process engineer for the Curtis-Wright Corpo- 
ration specializing in materials problems and 
following duty with the U. S. Navy obtained 
his MS in metallurgy from Ohio State in 1947. 
Since that time he has been associated with The 
Duriron Company, Inc., handling sales and de- 
velopment problems in metallurgy and corrosion. 





Now a specialist en- 
gineer in the Design Division, E. I. du Pont de 
Nemours & Co., Inc., where he is responsible 
for protective coating ‘specifications on new con- 
struction. He joined duPont in 1930 and has 
worked on many aspects of maintenance, clean- 
ing, machine development and maintenance 
painting. He has a BS in mechanical engineer- 
ing, University of Illinois, 1930. 


H. M. McDANIEL—Since 1953 he has been 


with the Pipe Sales Division, Republic Steel 
Corp. working on_ sales and development of 
plastic pipe and plastic coated steel pipe. He 


formerly was employed at Oak Ridge, Tenn. by 
Tennessee Eastman Corp. and later by the same 
company in plastic sales at Kingsport, Tennes- 
see. He has a BS in chemical engineering, Uni- 
versity of Tennessee, 1942. 


ROGER E. McVEY—A member of the Engi- 
neering Department of the Pittsburgh Group, 
Columbia Gas System. He has been in the un- 
derground corrosion field since 1955. Received 
a BS in biological science from Marshall Col- 
lege, Huntington, West Virginia, in 1951. He is 
a lieutenant in the USNR and a member of 
NACE. 


W. D. MANLY—Metallurgist at 
National Laboratories, where he does research 
on high temperature ‘materials used in atomic 
energy work. He has a BS and MS in metal- 
lurgy from University of Notre Dame. He be- 
longs to several engineering organizations in- 
cluding NACE and is a frequent contributor of 
technical material on_his engineering —— 
He is active on NACE technical committees 


F. H. MEYER—Associate Research Physicist, 
Continental Oil Co., Ponca City, Okla. A mem- 
ber of the American Physical Society, the Amer- 
ican Crystallographic Association and the Amer- 
ican Chemical Society, he has a science degree 
from the College of the City of New York and 
an MS in physics from Polytechnic Institute of 
Brooklyn. 


PAUL D. MILLER—Has been with Battelle 
Memorial Institute for the past 20 years work- 
ing on physical chemistry problems. His interests 
include aqueous molten salt and gas-phase re- 
actions with a variety of metals. He recently 
has been closely associated with a project di- 
rected toward establishing the role of ferrous 
hydroxide in corrosion reactions, particularly 
with reference to steam power station operation. 

He also has done work on flue-glas corrosion 
and directed considerable attention to successful 
protective treatments by publication of papers. 
He holds several patents. 

He has a BS from Manchester College and 
MA and PhD degrees from Ohio State Univer- 
sity in physical chemistry. 


Cc. G. MUNGER—Vice-president in charge of 
manufacturing and research for Amercoat Corp. 
Ile has been active in NACE for many years 
both as an officer and on technical committees. 
Since 1936 his principal work has been in con- 
nection with corrossion research, particularly on 
steel and on concrete exposed to sewage con- 
ditions. He has worked on numerous problems 
for the armed = services, the Atomic Energy 
Commission and private industry especially in 
connection with application of coatings and 
plastics. 

He frequertly speaks before technical organi- 
zations and has written numerous papers in his 
field. He has a BA in chemistry, Claremont 
College and did work in graduate chemistry 
there. Besides NACE he belongs to numerous 
other technical organizations. 


J. F. PELTON—He now heads coating develop- 
ment work at the Speedway, Indiana laboratory 
of Linde Company as assistant manager of 
development. He has a BS in chemical engineer- 
ing, University of Tennessee and MS in the 
same field from Carnegie Institute of Tech- 
nology, 1940. He worked for Linde Company 
at its Tonawanda, N. Y. laboratories on growth 
and fabrication of synthetic crystals. 


J. H. PHILLIPS—Senior Technical Advisor, 
National Aluminate Corp., Chicago since 1956. 
He directs technical aspects of contract research. 
From 1947 to 1955 he was chief chemist for 
Babcock and Wilcox Co. and section head of 
the Chemical Research Section at its Alliance, 
Ohio research center. He also was employed by 
Mallinckrodt Chemical Works, St. Louis where 
he worked on the Manhattan District project. 
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He has AB and BS degrees in chemistry from 
Southwest Missouri State College and did grad- 
uate work in chemistry at University of Chicago. 
He is a member of ACS and ASTM. 


WILLIAM J. PLANKENHORN—Assistant di- 
rector of research for Chicago Vitreous Corp., 
a division of The Eagle-Picher Co. He worked 
as a ceramic engineer for several midwest man- 
ufacturers after graduation from University of 
Illinois in 1931 with a BS in ceramic _engi- 
neering. He also was employed by Borg-Warner 
and obtained an MS in ceramic engineering 
from University of Illinois in 1949. 

His research work at University of Illinois 
concerned work sponsored by various groups at 
the Wright Air Development Center and _ in- 
cluded ceramic coatings on metal components 
of aircraft power plants. He published several 
papers in this field. He started work for his 
present employer in 1954. He is a member of 
American Ceramic Society. 


THOMAS E. RONAY—Supervisor of laminated 
products development for The Richardson Co., 
Melrose Park, Ill. He formerly was vice-presi- 
dent in charge of research and development for 
Nukem Products Corp. A native of Hungary, 
he attended University of Heidelberg and has 
BA and MA degrees in physical chemistry from 
University of Buffalo. Among five technical 
organizations he is a member of NACE. 


FREDERICK S. SCHULTZ—Supervisor in the 
Rocket Engine Section, Malta Test Station, 
General Electric Co., Ballston Spa, N. Y. He 
has an AB in chemistry, Kansas State, Pitts- 
burg, Kan., and PhD in physical organic chem- 
istry, Iowa State College, 1950. He worked for 
five years as pigment chemist for Eagle Picher 
Lead Co., Galena, Kans. and later for Airosol, 
Inc., Neodesha, Kans. He worked first for Gen- 
eral Electric as an insulation engineer, and in 
1953 was appointed supervisor of Finishes En- 
gineering for the Aircraft Gas Turbine Division, 
Evendale, Ohio. 


EDGAR J. SEYB—Research Supervisor, De- 
troit Laboratories, Metal and Thermit Corp. 
Since 1950, when he joined United Chromium, 
Inc., since absorbed by Metal and Thermit, he 
has worked on deposition of chromium and re- 
lated metals. He has been co-author of papers 
in his field. He has a BA, Sterling College, 
1946 and PhD University of Kansas, 1950. He 
is a member of ACS, ECS and AES. 


CHESTER T. SIMS—Assistant chief, Nonfer- 
rous Physical Metallurg Division, Battelle 
Memorial Institute, Came, Ohio. His experi- 
ence includes 2% years research on corrosion 
and inorganic chemistry problems and 6 years 
in nonferrous physical metallurgy. In the latter 
field he has been concerned mainly with investi- 
gations of molybdenum, columbium, tantalum, 
tungsten, cobalt and particularly with rhenium. 
He has a BSci, Northeastern University, Bos- 
ton and a BSci in chemical engineering. He also 
has an MS in metallurgical engineering, Ohio 
State University. 


W. J. SINGLEY—Senior engineer, Westing- 
house Electric Corporation, Bettis Atomic 
Power Division, Pittsburgh. Prior to joining 
Westinghouse, he spent five years at Mellon 
Institute, on an International Nickel Company 
Fellowship. He is currently employed in the 
Bettis Boiler Development Group investigating 
methods of preventing chloride stress corrosion 
attack of austenitic stainless steel tubed steam 
generators. He has a BS in chemical engineer- 
ing, Lehigh University, 1949. 


HAROLD F. SMITH—President, Smith Elec- 
trochemical Co. Cincinnati, which specializes in 
unusual plating processes and allied chemical 
operations. Before founding his present com- 
pany, he worked for a number of years in elec- 
troplating, developing and manufacturing dry 
plate rectifiers and in other electrochemical 
work. He has a degree in chemical engineering 
and has done graduate work at University of 
Cincinnati. He is a member of AES, National 
Association of Metal Finishers and the Engi- 
neering Society of Cincinnati. 


KENNETH TATOR—Head of Kenneth Tator 
Associates, Coraopolis, Pa. which specializes in 
corrosion ‘and abrasion prevention. He has a 
BA in chemistry, 1928, Reed College; and MS, 
chemical engineering, 1930, MIT. He worked 
with natural and synthetic resins. for Dewey & 
Almy Chemical Co., Cambridge, Mass., for the 
War Production Board and as a chemical con- 
sultant with the Bureau of Industrial Conserva- 
tion. He organized and operated the firm of In- 
dustrial Lining Engineers, Pittsburgh, 1944- 
1949. He is a member of numerous technical 
organizations, including NACE, has published 
many papers in his field and is a frequent 
speaker on coatings technology. 


A. A. WATTS—Supervisor of Materials Re- 
search, Rocket Engine Section, Aerojet-General 
Corp., Sacramento, Cal. In his present capacity 
he has worked for two years on materials prob- 


(Continued on Page 85) 
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NATIONAL and REGIONAL 
MEETINGS and 
SHORT COURSES 


Oct. 5-8—Northeast Region. Somerset 
Hotel, Boston, Mass. 


Oct. 15-17—North Central Region. Cin- 
cinnati, Ohio. 


Oct. 20-24—South Central Region. New 
Orleans, Roosevelt Hotel. 


Nov. 17-19—Western Region. Los An- 
geles, Statler Hotel. 


1959 

Jan. 12-14—Canadian Region, Montreal, 
Quebec. 

Feb. 11-13—Canadian Region. Calgary, 
Alberta. 


March 17-19—15th Annual Conference 
and 1959 Corrosion Show. Sherman 
Hotel, Chicago. 

Oct. 5-7—Northeast Region. Lord Bal- 
timore Hotel, Baltimore, Md. 

Oct. 12-15—South Central Region Meet- 
ing, Denver, Col. 
Oct. 20-22—North 

Cleveland. 


Central Region, 


1960 

March—16th Annual Conference and 
1960 Corrosion Show. Dallas, Texas, 
Memorial Auditorium. 

No dates set—South Central Region 
Conference, Tulsa, Okla. 


Oct. 11-14—Northeast Region Meeting. 
Huntington, W. Va. 


1961 

March—17th Annual Conference and 
1961 Corrosion Show. Buffalo, N. Y., 
Hotel Statler. 


Oct. 24-27—South Central Region Con- 
ference, Houston, Shamrock Hotel. 


1962 

March—18th Annual Conference and 
1962 Corrosion Show. Kansas City, 
Municipal Auditorium. 

October 16-19—South Central Region 
Conference, San Antonio, Texas. 


SHORT COURSES 


1958 


Nov. 10-14. Corrosion Short Course. 
Key Biscayne Hotel, Miami. Miami 
and Jacksonville Sections, NACE. 


Nov. 20-21—Los Angeles Section. Cor- 
rosion of Underground Structures. 


1959 
June—Teche Section. Corrosion Control 
Short Course, 


Teche Section Meeting 


Scheduled for the July 31 Teche Sec- 
tion meeting, was a talk by Jack Stan- 
ton, Visco Products Co., Houston on 
“Guide to Corrosion Control in Oil and 
Gas Wells.” Meeting place was the Pe- 
troleum Club of Lafayette, La. and the 
time was 6:30 pm. 

° 
More than 20,000 cards have been issued 
by the NACE Abstract Punch Card 


Service. 


NACE NEWS 


Miami Corrosion Control 


Short Course Is Nov. 10-14 


A corrosion short course to be con- 
ducted November 10-14 at the Key 
Biscayne Hotel, Miami, was the main 
subject of a Miami Section meeting July 
18. Committees for the short course 
were formed. J. B. Prime, Jr. of Florida 
Power & Light Co. was named director. 
The short course to be a joint enterprise 
of Miami and Jacksonville Sections. 

The following persons have accepted 
invitations to participate in the course: 
T. P. May, The International Nickel 
Co.; Raymond Hadley, Sun Pipe Line 
Co.; J. W. Pedlow, Quelcor, Inc.; F. C. 
Weber, Phelan-Faust Paint Manufactur- 
ing Co.; A. G. Sternberg, Steelcote 
Manufacturing Co. 

Also: A. H. Henning, The General Tire 
and Rubber Company; M. C. Miller, 
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Ebasco Services, Inc.; W. J. Schwerdt- 
feger, National Bureau of Standards; 
Christopher Georges, Pipe Line Service 
Corp. and W. H, Howard, Shell Chemi- 
cal Corp. 

At the July 9 meeting of the section, 
a movie on aluminum finishes was pre- 
sented. H. B. Bonebrake, Alcoa, was 
the speaker. 
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lems related to rocket propulsion, including cor- 
rosion research. His previous experience in- 
cluded cathodic protection work with Sohio Pipe 
Line Co., corrosion consulting and research 
work with C. F. Braun & Co., and physical and 
metallurgical research on titanium and other 
metals at Battelle Institute. After service in 
World War II as a bomber pilot, he gained a 
bachelor’s degree in chemical engineering, Ohio 
State University and master’s and PhD degrees 
in physical metallurgy. He specialized in cor- 
rosion work during his graduate studies. 
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SOME OF THE MEN responsible for the Western Region Conference and Corrosion Short Course 
to be presented November 17-21 in Los Angeles are shown here working on plans for the meeting. 
Seated at the table, left to right, John Brown, education chairman; Eric Bladholm, region chair- 
man and John Richardson, program chairman. The group photo shows a meeting of the conference 
committee. From left to right, John Brown, Vincent Barnato, publicity chairman; Eric Bladholm, 
H. E. Tillman, facilities chairman; Ed Tandy, regional director; John Richardson, program chair- 
man; William D. Roper, hospitality chairman and Frank Wilby, registration chairman. 


INDUSTRIAL 
MAINTENANCE 
PAINTING | 


The first edition sold all over the Colors 
United States and in nine foreign Painting Economics 


countries. Many companies use it $ 
as a text to train painters and Per 50 















































































r . oe 5 > a Several new tables have been 
painter foremen; as a reference; 7 — 
ind as a standard for sandblast added. These include Copy 


ing and painting -edure 
ee Chemical Resistance of Lining 


The Second Edition retains all Material 
of the original material. Prices : Ts a ee 


have been brought up to date Chemical Resistance of all Copies 


The following chapters have been Major type coatings 
rdded: 


Specification Writing Square Feet per Linear Foot of Flexible cloth binding, profusely 
Paint Testing Pipe illustrated with photographs and 
Pp . . “ Square Feet per Ton of Dif- drawings. It has over 200 pages 
ainting Cost Estimating ferent Schedule Pipe , hi 
ao 534 X 82 inches. Valuable as the 
Tank Car and Vessel Painting ‘ as ee q 
and Lining Relative Toxicity of Solvents first edition was, this one is much 
Solvents, Proper Use, Selection Explosive Limits and Flash more so, It should prove to be 
and Care Points of all Popular Solvents worth many times its small cost. 





















Send Orders to PAUL E. WEAVER, 4025 Brady St., Baton Rouge 5, La. 
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12 Papers Are Arranged for Richmond Meeting 


Southeast Region 
Sets Plant Trips, 
Ladies’ Program 


Twelve technical papers will be pre- 
sented in three sessions during the Oc- 
tober 5-7 meeting of Southeast Region, 
National Association of Corrosion Engi- 
neers at Hotel Jefferson, Richmond, Va. 
Also planned are plant trips, a general 
business meeting of the region and a 
program for ladies. 

Regional officers will meet beginning 
at 4 pm October 5 and a regional ban- 
quet held on the night of October 6. 

The technical program is: 


Monday, October 6 


Morning 

Chairman: Fred M. Reinhart, National 
Bureau of Standards. 

Metallic Cations and Solid Metals as 
Corrosion Activators and Inhibitors in 
Acid Solutions, by Henry Leidheiser, 
Jr., Virginia Institute for Scientific 
Research and W. Roger Buck, ITI. 

Stress Corrosion Cracking of Stainless 
Steels by John F. Eckel, Virginia 
Polytechnic Institute, 

Study of Corrosion with the Aid of 
Large Single Crystals by Allen T. 
Gwathmey, University of Virginia. 


Afternoon 

Chairman: Armin H. Gropp, University 
of Florida. 

Recent Developments in Corrosion Ex- 
perimental Methods by Howard T. 
Francis, Armour Research Institute. 

Recent Development at the Interna- 
tional Nickel Test Station by T. P. 
May, The International Nickel Co., 
Inc. 

Recent Developments in Corrosion In- 
hibitors by Harry C. Gatos, Massa- 
chusetts Institute of Technology. 


Tuesday, October 7 


Morning 

Combating Tanker Corrosion, speaker 
to be named. 

Marine Corrosion, Joseph B. Prime, 
Florida Power and Light Co. 

Experience With Aluminum Pipe at 
Lake Maracaibo by R. S. Dalrymple, 
Reynolds Metals Co. 

How to Save Dollars in Water Treat- 
ment, James H, Barnett, Corrosioneer- 
ing, Inc. 

Plant trips are to be held during the 
afternoon. 

















MEMBERSHIP CARDS 
NEEDED AT CHICAGO 


NACE members who are not pre-regis- 
tered will be required to establish their 
membership in the association at the 
15th Annual Conference in Chicago by 
showing their membership cards. 


Registration fee for members is $10; 
for non-members, $15; for ladies $10. 


Ta 
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A "'PRUFCOAT SERVICE” PROFILE 


(one of a series) 


Meet 
Bill Eaton. 
a member of 
the Prufcoat team 
that gives 
practical 
meaning and 
reality to 
Prufcoat Service 





@ “DE-PEND’-A-BIL’-I-TY.” That’s a 
word you'll hear Bill Eaton use time and time again in 
describing Prufcoat Service. And it’s a word that has grown 
to mean many things to Bill’s many Northern New Jersey 
customers. 

It means they can depend on Bill to get right out into the 
plant and study a corrosion problem in careful detail —then 
make reliable coating svstem recommendations. That he can 
be depended upon to say, “I don’t know,” when that’s the 
case—and then take every possible step to find the most 
practical, money-saving answer to the problem. 

It means Bill can be depended upon to “be there,” ready 
to assist the paint foreman and his crew whenever important 
applications are being made. That he can be depended 
upon to follow through. To make regular plant inspection 
tours. To report his findings promptly so that no opportunity 
is missed to get the most out of every job. 

Yet, Bill is no exception. Because all Prufcoat men in the 
field have this same deep-rooted desire to be of service . . . 
to help their customers reduce costs, increase net operating 





PRUFCOAT LABORATORIES, INC., 63 MAIN ST., CAMBRIDGE 42, MASS. 
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profit. And like Bill—who since graduating from Rutgers 
University in 1950 has made a career of solving building 
maintenance and corrosion problems—all are specially 
trained to give sound counsel and practical in-plant assist- 
ance on corrosion and painting problems of nearly every 
kind. In short, Bill is typical of Prufcoat sales-service rep- 
resentatives evervwhere. 


PRU seo, 





wre PETE 
are TT Tah: COATING 


WHY NOT PUT PRUFCOAT SERVICE TO WORK FOR YOU? 

Your Prufcoat representative can help you plan and execute 

the kind of corrosion-control program that will save you 

many precious new construction and maintenance dollars 

and many maintenance headaches, too! There is no cost 
or obligation. Just write or call @ @ @ 
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Economics of 
Guarding Offshore 


Structures Discussed 


A poor coating system will increase 
the cost of protecting an offshore oilwell 
drilling platform by half during five 
years. This estimate was made _ by 
Robert M. Robinson, Senior Production 
Engineer for the CATC Marine Region 
of Continental Oil Company before a 
meeting of 119 members and guests of 
Houston Section. The dinner meeting 
was held August 12 at the newly re- 
modeled Houston Engineering and Sci- 
entific Society headquarters, 

Mr. Robinson discussed most phases 
of the problem of protecting both sta- 
tionary and mobile drilling structures in 
the Gulf of Mexico. Corrosion control 
on a structure, he said, costs between 
6 and 7 percent of the installed cost. 
Since a self-contained drilling platform 
may cost $900,000 in place, the impor- 
tance of the corrosion control factor is 
obvious. 


Cost of Operations Cited 

Among the cost estimates made by 
Mr. Robinson was one of $7500 to $8000 
a day for operation of a rig and tender 
and associated equipment in 120 feet of 
water. He illustrated his talk with color 
photographs showing many of the 
points covered. These included an esti- 
mate of coating cost experienced by his 
company. Organic coating systems in- 
itially cost 40 to 55 cents a square foot; 
metallic systems 40 to 50 cents a square 
foot and tape more than 75 cents a 
square foot. 

Of the systems used so far for pro- 
tection of metal surfaces, he said, coat- 
ings are the best. New systems are 
under test on rigs, using Tator speci- 
mens. 

Mr. Robinson cited as a principal aim 
the necessity to get complete coverage 
of surfaces. Incomplete coverage is no 





other methods used. 


APEX Anodes are now 
available in 5 Ib., 10 tb., 
17 Ib. and 32 Ib. sizes. You 
may order bare anode 
with or without wire, or 
complete packaged anode 
with wire and back-fill 
ready for installation. 


available upon request. 


CORROSION—-NATIONAL 


CLEVELAND 5 


Poor Coating Job Doubles Cost in Five Years 


HOUSTON SECTION members are shown here during the illustrated discussion by Robert M. 


ASSOCIATION OF CORROSION 


ENGINEERS 





Robinson, Continental Oil Co. on corrosion mitigation of offshore drilling structures. The August 
12 dinner meeting was attended by 119 members and guests, the largest number in recent months. 





protection at all, he said. CATC prac- 
tice is to seek designs which permit 
compete coverage, a principal means of 
accomplishing this being use of tubular 
members with as large diameter as pos- 
sible. He also cited the necessity of 
scanning steel for “handles” welded on 
at fabrication plant, which result in 
coating hazards. 
Continuous Inspection Needed 

Because a coating crew working on an 
offshore structure may cost $1100 a day 
with boat and $800 a day without, he 
said continuous inspection is important 
to secure the best possible performance 
and reduce lost time to a minimum. A 
good coating system, including touch-up, 
should cost about 15 cents a square foot 
per year over 5 years, he estimated. 

The high cost of maintaining protec- 
tion in the splash-tidal zone was indi- 
cated by some of the figures given. 
The square foot cost of Gunnite systems 
was given as $4.20; Monel, $4 to $6.50; 
petroleum base coating, glass reinforced, 
$6; wrought iron, $6.50. Epoxy-glass re- 
inforced tape is now being tested, he 
said, Various means of fastening Monel 


for cathodic protection 


" MAGNESIUM ANODES 


Corrosion control for under-ground and under-water 
pipelines and other metal structures regardless of all 


Anode folders or technical consultation with our engineers 


APEX SMELTING COMPANY 


CHICAGO 12 





LONG BEACH 10, CAL. 


sheathing are being used, including strap 
banding, drilling and tapping and stud 
guns. Patching of Monel is done by 
welding and a test of epoxy cement to 
hold patches is being tried now. 
Cathodic Protection Systems 

Various schemes are used for cathodic 
protection of underwater steel, usually 
installed bare. These include 150-lb. 
anodes on galvanized cable giving 7-10 
ma sq. ft. and a life of 2 to 2% years. 
A test is to be made burying anodes 
in mud at base of structures to gain 
added anode life, he said. 

Cost of Cathodic protection is about 
4 to 8 cents a square foot a year with 
magnesium anodes. There is no appre- 
ciable difference in current drain be- 
tween a well before and after wells are 
completed, he said. 

All small size components are gal- 
vanized before installation. Usually gal- 
vanized coatings last about 18 months 
because high pH mud is used. Rusted 
components are replaced. 

Pipe Lines Protected 

Gathering lines are coated with coal 
tar, glass, felt, kraft paper and cement 
coatings. Cathodic protection is applied 
at one end and tested at the other to 
insure its adequacy, Tank bottoms also 
are cathodically protected, and some 
have sumps through which water col- 
lected on bottoms can be drawn off. 

Hulls of tenders are coated topside 
with alkyds and on bottoms with bitu- 
minous coatings. 

Sodium nitrate and inhibited calcium 
chloride are used in the annulus of 
completed wells for corrosion protection. 
Bare tubing is used but no attempt is 
made to inhibit wells until salt water 
volume reaches 25 percent or some other 
indication is given inhibition is needed. 
Squeeze or tubing displacement meth- 
ods are preferred for placing the inhibi- 
tor, although other methods have been 
used. 

In gas wells tubes are coated with 
phenolic with an epoxy overlay. Use of 
aluminum grating is being considered 
for producing wells, but is not consid- 
ered suitable for drilling structures be- 
cause of the high pH of drilling mud. 

Among other comments by Mr. Rob- 
inson in response to questions from the 
floor: 

High zine content coatings are being 
tried on welds. 


(Continued on Page 90) 
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Contractor states: 
“Best coating job I’ve ever done, 


only 5 holidays on total job.” 


Pipe Line Superintendent says: 
“Best pipe line coating method 
I’ve ever witnessed.” 


POLYKEN Performs... 


On Multiple Line Laying 


An outstanding example on a multiple line 
laying job... . consisting of two 6-inch and 
one 3-inch lines in one ditch . .. was recently 
completed in the Gulf Coast area. This 
entire multiple line laying operation was 
accomplished in gumbo soil. 


POLYKEN .. . proven polyethylene tape 
was used on the entire project. The outer- 
wrap that was used in this operation was 


Cathodic Protection Service’s Dulux No. 2. 


A single taping machine . . . a Betzel Tape- 
master, a power driven, cleaning and taping 
machine . . . simultaneously cleaned, taped 
and outerwrapped all pipe, of both dimen- 
sions, before the lines were laid in the ditch. 
For further information regarding detailed 
applications, please call or write the CPS 
office nearest you. 


cathodic protection service 


P. O. Box 6387 


CORPUS CHRISTI DENVER 
1620 South Brownlee 
TUlip 3-7264 


(Golden) P.O. Box 291 1627 Felicity 
CRestview 9-2215 


JAckson 2-5171 


ODESSA TULSA 
5425 Andrews Hwy. 4142 S. Peoria 
EMerson 6-6731 Riverside 2-7393 


Houston 6, Texas 
NEW ORLEANS 
JAckson 2-7316 


Cable Address — CATPROSERV 
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Canadian Region 
Sets Double Meeting 


Canadian Region is planning to hold 


two regional meetings instead of the 
usual one next year. A meeting will be 
held in the East in Montreal, Quebec, 
January 12-14, 1959 with Harrison Bur- 
bidge, Aluminum Company of Canada, 
Limited as chairman. A Western meet- 
ing will be held in Calgary, Alberta, 
February 11-13, with D. Stewart McIn- 


tosh, Britamoil Pipe Line Company, 
Limited as chairman. 

Because of Canada’s vast distances, 
meetings held in Eastern Canada have 


been poorly attended by NACE mem- 
bers living in the Western part of the 
nation and the reverse also has been 
true of meetings held in the Western 
section. B,. H. Levelton, B. C. Research 
Council, University of B. C. is chairman 
of Canadian Region 

® 
South Central Region’s 1961 Conference 
will be held October 24-27 at Houston’s 
Shamrock Hotel. 


This mobile equipment for cathodic portection 
subsurface testing will be seen on the San 
Joaquin Valley Corrosion Tour, Bakersfield, 
Cal., September 24-25. Top photo shows the rig 
on location testing for cathodic protection on 
an 11,192-foot well. The truck in the fore- 
ground contains a 120-volt, 100-ampere recti- 
fier with infinite voltage adjustment, In the 
background are the hoist truck and submerged 
testing tool. At left is a closeup of the sub- 
surface electrode. 


Everything Is Ready 
For San Joaquin Tour 


Final arrangements have been made 
for the San Joaquin Valley Corrosion 
Tour, September 24-25. Registration 
headquarters will be set up in the lobby 
of the Bakersfield Inn, September 24 
from 8 am to 11 am. Advance registra- 
tion may be made by mailing the $15 
registration fee to National Association 
of Corrosion Engineers, San Joaquin 
Valley Section, c/o Jack Penner, Magna 
Products, 305 E. Brundage Lane, 
Bakersfield, Cal, The fee includes bus 
fare for the tour for two days, one box 
lunch, the social hour and a luau dinner. 


Deep Ground Beds Is 
Topic at Birmingham 


Maintenance and performance of deep 
sacrificial ground beds installed by the 
Mississippi Valley Gas Co. has been 
scheduled as the topic for the third 
quarter meeting of Birmingham Section, 
September 5. Ralph Hurst will be the 
speaker. 

Members were requested to mail in or 
present at the meeting, questions on 
deep ground beds or other similar cor- 
rosion problems, Slides and motion pic- 
tures showing construction, maintenance 
and performance of deep ground beds 
the company has installed over a wide 
area of Mississippi were scheduled to 
be presented. 


Burnett Will Be Chairman 
Of Denver Region Meeting 


Graydon FE, Burnett, Bureau of Recla- 
mation, Denver Federal Center, Denver, 
Colo. has been named general arrange- 
ments chairman for the October 12-15, 
1959 conference of South Central Region 
at Denver. 
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Technical Program 


For 1960 Northeast 
Meeting Outlined 


A tentative technical program has 
been arranged and heads of principal 
committees selected for the October 
11-14, 1960 Northeast Region meeting 
at Huntington, W. Va. R. G. Schroeder, 
Standard Ultramarine and Color Com- 
pany, Huntington, general chairman, re- 
ported to regional trustees that five 
symposia and other details of the pro- 
gram have been arranged. 

The symposia will be on protective 
coatings maintenance, inhibitors, fresh 
water corrosion, plastics, cathodic pro- 
tection and chemical and refinery indus- 
try process corrosion, The usual meet- 
ings of technical and regional committees 
and social functions are being arranged 
in addition to plant tours. 

Committeemen so far are: L. S. Van 
Delinder, Union Carbide Chemical Co., 
technical program chairman; William 
Tufts, Ashland Oil & Refining Co., local 
arrangements; George Cox, consultant, 
publicity and printing; R. Davisson, 
Union Carbide Chemical Co., publicity 
subcommitee; G. Trumbo, McJunkin 
Corp., printing subcommittee; Laban T. 
Moore, Tennessee Gas Transmission Co., 
registration; W. H. Williams, McJunkin 
Corp., finance; L. S. VanDelinder, tech- 
nical committees. 


Kansas City Section to 
Chart Activities for 1959 


A meeting to chart the activities for 
the coming year for the Kansas City 
Section will be held September 15, The 
meeting will be the first of the season. 
A film titled, Gas Goes To Market, 
furnished by the Gas Transmission Co. 
will be shown. 

On November 10 Ralph Miller, Spen- 
cer Chemical Co, will talk on Corrosion 
in the Chemical Industry. Definite ar- 
rangements for the October meeting 
have not been made. 


Waldrip Speaks at Calgary 


H. E, Waldrip, Gulf Oil Corp. was 
scheduled to speak at a meeting of Cal- 
gary Section September 21 on oil pro- 
duction corrosion problems. Mr. Wal- 
drip is on a 6-week trip into Canada. 


Salleck to Run Course 


John Salleck, Nocor Chemical Co. was 
named director for the Teche Section 
Annual Corrosion Short Course to be 
held in June, 1959. 


Poor Coating— 
(Continued From Page 88) 


Metco systems are being used in some 
cases, 

Improper application is the principal 
reason for failure of coatings 95 percent 
of the time. 

Management needs to realize the low 
bid is not always best on painting work. 
The price paid the contractor should be 
sufficient for him to make a profit while 
doing quality work. 

Aluminum anodes have been used un- 
successfully. 

Calcium chloride properly inhibited 
has been found less corrosive than so- 
dium nitrate. 
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TRADE-MARK 


GRAPHITE ANODES ARE BEST! 


[Prt remennnececscoonmmemasgens--r ssanamesesaeateoeme re anRRN" Oe ERIE NR ROE REN one ser 


| FOR LONG LIFE... 


BED 24 








___ STATE HIGHWAY 


5 NEGATIVE LEAD 8" PIPE LINE 
: RECTIFIER POLE 
e°e e zo 37 GRAPHITE ANODES © 20° C-C 


*4 WIRE FOR NEG 
#4 WIRE TO FIRST ANODE 


“National” graphite anodes provide evra tk. 
good conductivity for economical POSITIVE 
ground bed design in both low and 
high resistance soils. Installed with 
graphite particle or coke backfill, 
“National” anodes offer low initial 
cost; exceptionally long life. 
National Carbon manufactures a 
complete line of anodes providing the 
economies of graphite to all types of | 
cathodic installations. Ue 50 “National” Graphite Anode Beds 


Protect 72 Miles of 8” Bare Pipeline 





CREEK BED 


37 GRAPHITE ANODES © 20’ C-C = 720° 


HOLLOW. 


In 1951, a corrosion control study was 


” ” ” . made of an 8” diameter bare pipeline in 
_ erase New York State. The line had been in 
sizes in plain and NA Graphite © service 15 years, and due to increased 
3” x 30” and 3” x 60” leaks, consideration was given to replac- 
NA Graphite Anodes with Type QA Connections ing it. 

2”x 12”, 2” x 20” and 3” x 30” : A corrosion survey performed by the 
Type QA Anodes of NA Graphite "= Harco Corporation indicated cathodic 
protection could be provided with a rec- 
tifier type system to save the line. A total 
of 50 anode ground beds (utilizing 1500 
“National” graphite anodes 3” dia. x60” 
long in coke breeze backfill) and rectifier 
units were installed over a three year 
period, 13 beds in 1952...29 beds in 1953 
. and the remaining 8 beds in 1954. 
The pipe line is still in operation and 
there has been a significant decrease in 
leak frequency since cathodic protection 

was installed. 


UNION 


The terms ‘‘National’’ and ‘‘Union Carbide” are registered trade-marks 
CARBIDE 


of Union Carbide Corporation 


NATIONAL CARBON COMPANY «© Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N.Y. 
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco « IN CANADA: Union Carbide Canada Limited, Toronto 















































































































































































































































































































































































































































































































































Well-Balanced 


Several Regional 
Technical Committees 
Plan Meetings 


Scheduling is complete, even to the 
assignment of times of presentation, for 
40 technical papers to be delivered dur- 
ing nine symposia at the Northeast 
Region Conference, October 5-8 in Bos- 
ton. Four technical committees also will 
meet. 

Technical Committees T-5A-5 and 
T-2K will meet Monday, 1:00 pm. 

Technical Committees T-3G and T- 
4F-1 will meet Tuesday, 1:00 pm. 

Titles of papers, their authors and the 
symposia in which they will be pre- 
sented are: 


Theory and Principles—10 am Monday 

Principles and Uses of Polarization In- 
struments by H. H. Uhlig, Massachu- 
setts Institute of Technology. 


Eloctrochemical Methods for Measure- 
ment of Corrosion Rates, by Milton 
Stern, Metals Research Laboratories 
Electro Metallurgical Co. 

Studies on Oxygen Reduction Polariza- 
tion Reactions by A. DeBethune, T, C. 
Licht, A. T. Pawlowski, D. C. Curran 
and A. J. Fekete, Boston College. 


Marine Corrosion—Monday, 1:30 pm 

Marine Corrosion Testing by T. P, May, 
International Nickel Co., Inc. 

Lead—2 Per Cent Silver Alloy as an 
Inert Impressed Current Anode by 
K. N. Barnard, D. G. Gage and L. G. 
Christie, Naval Research Establish- 
ment, Halifax, Nova Scotia (read by 
J. H. Greenblatt). 

Platinum Anodes for Cathodic Protec- 
tion of Active Ships by H. S. Presier, 
Navy Bureau of Ships and B. H. 
Tytell, Boston Naval Shipyard. 

Aluminum Anode Applications on Off- 
shore Structures and Marine Pipe 
Lines by R. L. Horst, Aluminum 
Company of America. 

The Effects of Velocity on Corrosion of 
Metals by H. R. Copson, The Inter- 
national Nickel Co. This paper will be 
presented to a combined session of the 
marine corrosion and the cathodic 
protection symposia. 


Cathodic Protection—Monday, 1:30 pm 

Designing Corrosion Control for Power 
Plants Using the Cathodic Protection 
Principle by L. P. Sudrabin, Consult- 
ant, Electro Rust-Proofing Corp. 

Experiments with Zinc Anodes on Steel 
Piling by J. L. Kimberley, American 
Zinc Institute. 

Current and Potential Relations for the 
Cathodic Protection of Steel in a High 
Resistivity Soil by W. J. Schwerdt- 
feger, National Bureau of Standards. 

Electrode Reactions Associated with 
Galvanic Corrosion of Steel by H. E. 
Nelson, Socony Mobil Oil Co. 

The Effects of Velocity on Corrosion of 
Metals by H. R. Copson, The Inter- 
national Nickel Co. Paper to be pre- 
sented to a combined session of the 
marine corrosion and the cathodic 
protection symposia. 


(Continued on Page 94) 
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Boston Program Is Completed 


Registration Times; 
Schedule of Fees 


The following schedule will prevail: 


Registration 


Sun., Oct. 5—12 m-5 pm. 
Mon., Oct. 6—8 am-5 pm. 
Tues., Oct. 7—8 am-5 pm. 
Wed., Oct. 8—8-10 am. 


Desk located west lobby, Hotel Somer- 
set, 400 Commonwealth Ave. 

Fees: Including all meeting, industrial 
films, plant tours, cocktail hour— 
Members, $6; non-members, $8; lady 
guests, $3.50 (includes morning cof- 
fee). 

Banquet Fee: Members, non-members, 
ladies, $6.50. 

Clam Bake: Members, non-members, 
ladies, $6. 





Naval Shipyard and 


Clapp Laboratories 
Tours Are Arranged 


Tours have been arranged for 
Wednesday afternoon, October 8 to the 
Boston Naval Shipyard, Charlestown, 
Mass, and to Clapp Marine Labora- 
tories, Duxbury, Mass. Transportation 
will leave from the hotel. 

If there is sufficient interest to justify 
arrangements, tours also can be made 
to other plants, such as Monsanto 
Chemical, Everett, Mass.; General Elec- 
tric, Lynn, Mass.; Sylvania and Ray- 
theon plants in Greater Boston. 

Tours to nearby Massachusetts In- 
stitute of Technology, Harvard, Went- 
worth, Boston University, Tufts, and 
other schools also are available. 


Marine Laboratories 
Scheduled for Tour 


William F. Clapp Laboratories, Inc., 
a marine laboratory which makes no 
charge for its services is one of the 
tours scheduled during the Northeast 
Region Conference, October 6-8. The 
tour will be held October 8. Principal 
work of the laboratories is the study of 
the causes and prevention of deteriora- 
tion of materials and structures by bio- 
logical action and particularly by ma- 
rine borers. Each month test panels 
from more than 300 locations through- 
out the world are received for study. 

The laboratory makes no charge for 
its research and accepts only those proj- 
ects which fall within the director’s in- 
terest and resources. It is suported by 
voluntary contributions from individuals 
and organizations which benefit from its 
findings. 


Logan Joins Committee 


Hugh L. Logan, National Bureau of 
Standards, Washington D. C. is a new 
member of the NACE Editorial Review 
Subcommittee. He will handle papers 
on stress corrosion. 


Important Northeast 
Region Committee 
Meetings Arranged 


Important meetings of Northeast 
Region committees are scheduled during 
the October 5-8 sessions to be held at 
Boston’s Hotel Somerset. Four of these 
meetings are open to all persons attend- 
ing the conference while the regional 
board of trustees will hold a closed 
meeting. 

The schedule follows: 


Sunday, October 5 
4 PM—Local Section and Meeting At- 
tendance. E. A. Tice, Open Meeting. 
5 PM—Corporate Membership. G. E. 
Best, Open Meeting. 


Monday, October 6 

4:45 PM—Regional Business Meeting. 
E. L. Simons, Open Meeting. 

5:15 PM—Regional Board of Trustees 
Meeting. E. L. Simons, Closed Meet- 
ing. 

Tuesday, October 7 

5 PM—Local Section Program. A. F. 
Minor, Open Meeting. Program 
Chairmen of Local Sections, 


Variety of Entertainment 
Includes Ladies’ Program 


A variety of entertainment has been 
scheduled for the meeting. This includes 
a separate program of activity for lady 
guests. The arrangements committee 
also has listed a large number of in- 
teresting sights in and around Boston 
as well as some of the better known 
restaurants. 

Entertainment features scheduled are: 
Tuesday, Oct. 7—Cocktail hour, 5:45 

pm. Banquet, 7 pm. 

Wednesday, Oct. 8—New England 

Clambake, Plymouth, Mass., 5 pm, 

transportation arranged. 





Ladies’ Program 

Monday, Oct. 6—10:30 am, registration, 
coffee, Open time for shopping, other 
activities. 

Tuesday, Oct. 7—10:30 am, coffee, reg- 
istration for fashion show and bus 
tours of historical landmarks with 
luncheon in one of Boston’s historical 
eating spots. Cocktail hour, 5:45 pm. 
Banquet, 7 pm. 

Wednesday, Oct. 8—10:30 am, coffee. 
Clambake, 5 pm. 

Ladies who wish to do so may go on 
plant tours. 


Four Industrial Films 
To Be Shown Twice 


Four industrial motion pictures will 
be shown on the afternoon of October 
6 and repeated the following morning. 
The pictures are: ‘Corrosion in Action,” 
The International Nickel Co., Inc.; 
“Zinc Controls Corrosion,” American 
Zinc Institute; “Dimetcote—Life Time 
Protection for Steel,” Amercoat Corp. 
and as “On the Line,” Polyken Tape 
Div., The Kandall Co. 
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Control corrosion in closed or re-circulating systems with 
Columbia-Southern Sodium Chromate...it saves you money 


Been looking for really effective, low- 
cost corrosion control? Just add 
Columbia-Southern Sodium Chromate 
to your Closed or re-circulating system. 
You can finally relax then . . . because 
this chemical protection never does. 
Here’s how it works. As the chromate 
is carried through your system, it forms 
a thin, durable film over the vulnerable 
metal surfaces. Straightaways, joints, 
turns; all sections get identical pro- 
tection with this chemical barrier to 
corrosion. And the film is self-renewing 


as long as sufficient chromate is present 
in the solution. If the film is scratched 
ot broken by abrasion, active chromate 
ions immediately rush to seal it. 

Columbia-Southern Sodium Chro- 
mate inhibits, retards, controls corro- 
sion in applications like these: air 
conditioning equipment, refrigerating 
systems, diesels, cooling towers, boil- 
ers, marine engines, automobiles, hot 
water heating systems, pumping and 
compressor stations. 

For more information, write today 


to our Pittsburgh address or to any of 
our district offices. 


COLUMBIA-SOUTHERN 
CHEMICAL CORPORATION 


SUBSIDIARY OF PITTSBURGH PLATE GLASS COMPANY 
ONE GATEWAY CENTER: PITTSBURGH 22- PENNSYLVANIA 


DISTRICT OFFICES: Cincinnati e Charlotte 

Chicago e Cleveland « Boston e New York 

St. Lovis ¢ Minneapolis « New Orleans 

Dallas e Houston ¢ Pittsburgh e Philadelphia 
San Francisco 

IN CANADA: Standard Chemical Limited 

and its Commercial Chemicals Division 


Columbia-Southern Sodium Chromate is strikingly effective against corrosive agents that attack metal- 
lic pipes. Its protection prevents costly downtime and saves you money on frequent pipe replacement, 






















































94 CORROSION—-NATIONAL ASSOCIATION OF CORROSION 





Well Balanced— 


(Continued From Page 92) 


Cathodic Protection—Tuesday, 9 am 
Application of High Silicon Iron anodes 
by W. A. Luce, The Duriron Co. 
Performance of Zinc Anodes for Ca- 
thodic Protection in Sea Water by 
L. J. Waldron and M. H. Peterson, 

Naval Research Laboratory. 

Graphite Anodes for Cathodic Protec- 
tion by J. L. Miller, National Carbon 
Company. 

Galvanic Anodes as a Supplement to 
Coatings in Brewery Pasteurizers by 
C, W. Ambler, Jr. 

Cathodic Protection of Structures and 
Equipment in a Marine Environment 
by B. Douglas, Dow Chemical Co. 






POWER LINE 


Protective Coatings—Tuesday, 9 am 


Reactive Coatings by M. Kronstein, 


New York University. 

Baked Phenolic Coatings for Use in 
Process Industries by L. S. VanDe- 
linder, Union Carbide Chemicals Co. 

Evaluation of Marine Service Coatings 
When Exposed to Tropical Environ- 
ment by A. L. Alexander, B, W. For- 
geson and C. R. Southwell, Naval 
Research Laboratory. 

Reinforced-Plastic Coatings for Metals 
by W. R. Graner, Navy Bureau of 
Ships and Walter Park, Puget Sound 
Naval Shipyard. 

A Modern Approach to Corrosion Re- 
sistant Coatings Through Epon Resins 
by W. C, Nauman, Shell Chemical Co. 


Marine Corrosion—Tuesday, 1:30 pm 
Uses and 


Abuses of Aluminum = in 








{ 


| 
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HOW A MAJOR OIL COMPANY 


USED RECTIFIERS TO STOP 
CORROSION OF WELL CASING 


This major oil company has 33 of its wells in a pool in northwestern 
Kansas. Past experience indicated that external corrosion of casing would 


become a major maintenance item. 


The wells were surveyed to determine the amount of induced current 
needed for cathodic protection. Then CSI was awarded a rectifier-installa- 
tion contract on a competitive bid basis. Ground beds had to be individually 
designed for each well to meet the two-ohms circuit resistance specified. 

CSI engineers furnished and installed 33 rectifiers, graphite anodes, 
coke breeze and all necessary connections. The job was finished ahead 
of the promised date, and to exact contract specifications. The cost was 


approximately $300 per well. 


_ You'll find it pays to call CSI—for expert engineering, installation serv- 
ices and cathodic protection supplies. Estimates or quotations without 


obligation. Call or write today. 


CORROSION SERVICES 


INCORPORATED 


Tulsa, Oklahoma 


P. O. Box 7343, Dept. C9 Telephone: Circle 5-1351 
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Wooden- Hulled, Aluminum- Frame 
Minesweepers by T. H. Rogers and 
W. K. Chinn, Naval Research, Dock 
yard Laboratory, Halifax, Nova Scotia 

Design of Cathodic Protection System: 
for Ships’ Hulls by J. A. H. Carson 
Pacific Naval Laboratory, Esquimalt 
British Columbia, 

A Laboratory Evaluation of Zinc An 
odes by J. A. H. Carson, Pacific Nava 
Laboratory, Esquimalt, British Co 
lumbia, W. L. M. Phillips and J. R 
Wellington, Consolidated Mining and 
Smelting Company of Canada, Ltd. 

Zinc in the Marine Environment by E 

A. Anderson, New Jersey Zinc Co. 


Protective Coatings—Tuesday, 1:30 pm 

Coal Tar Coatings and Surface Prepa- 
ration by W. F. Fair, Jr., The Kop 
pers Co. 

Chemically Modified Coal Tar Coatings 
by W. E. Kemp, Koppers Co. 

Polyurethane Protective Coatings— 
Properties and Applications by E, R. 
Wells, Mobay Research Laboratory. 

Pipe Line Coating Performance by H. 
W. Wahlquist, Ebasco Services, Inc. 

The Corrosive Resistance of Glassed 
Steel by D. K. Priest, The Pfaudler 
Company. 


Utilities Industries and 

Special Applications—Wednesday, 9 am 

Liquid Metals for Use in a Nuclear Re- 
actor by W. D. Manly, Oak Ridge 
National Laboratory. 

The Effect of Minor Contaminants on 
the Corrosion Behavior of Ferrous 
Alloys in Liquid Sodium by E. G. 
3rush, General Electric Co. 

Corrosion Problems Associated with 
Steam Generators and Condensers in 
the Nuclear Power Industry by L. R. 
Scharfstein, Westinghouse Electric 
Corp., Bettis Plant. 

Instruments for Measurements in Cor- 
rosion Work by K. G. Compton, Bell 
Telephone Laboratories, 


General Corrosion—Wednesday, 9 am 


Visual Demonstration of Corrosion 
Processes by G. C. Cox, Consultant. 

Glass Flake Reinforced Protective Coat- 
ings by A. Winsor Brown, Owens- 
Corning Fiberglas Corp. 

Some Effects of Stress and Composition 
on the Corrosion of Austenitic Stain- 
less Steel by D. van Rooyen, West- 
inghouse Electric Corp., Research 
Laboratories. 

Some Characteristics of Sodium Silicate 
as a Corrosion Inhibitor by S. Matsuda 
and H. H. Uhlig, Massachusetts In- 
stitute of Technology. 


Old Fashioned Clam Bake 
Entertainment Highlight 


An old-fashioned New England clam 
bake, held October 8, on the waterfront 
in historic Plymouth will be the princi- 
pal feature of entertainment at the 
Northeast Region Conference, October 
6-8. After the clam bake, said to be a 
disappearing custom in the region, tours 
will be conducted through the replica 
of the vessel Mayflower and through 
the Clapp Marine Laboratories. 

3ecause of the historic significance of 
the area, and because of fine vacation 
facilities, conference officials suggest 
that corrosion engineers bring their 
families to spend the entire week. Con- 
cerning the entire program, region trus- 
tees call it one of the finest ever pre- 
sented in the region. 
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Corrosion Course Is 


Offered at Houston U. 


A full semester, 32-lecture evening 
orrosion course is offered for credit or 
iudit by the University of Houston’s 
‘ollege of Engineering. The course is 
itled CHE 460 and consists of two 1% 
iour lectures weekly on Tuesday and 
Thursday evenings from 8 to 9:30. 

Instructors for the course will be: 
senjamin F. Davis, Jr., Aquaness Div., 
Hercules Powder Co., electrochemical 
heory; W. B. Brooks, Dow Chemical 
company, metallurgy; H. E. Waldrip, 
nlf Oil Corp., protective coatings, de- 
sign, environment; Talmadge M. Heit- 
nan, Jr., United Gas Corp., cathodic 
protection. Each will give eight lectures. 

Under electrochemistry such topics 
will be covered as corrosion in water 
containing oxygen, salt solutions, fully 
ind partly immersed specimens, tem- 
perature, velocity, humidity. In the lec- 
tures on metallurgical aspects, corrosion 
peculiarities of carbon and _ stainless 
steels, cast iron, non-ferrous alloys, in- 
cluding aluminum and magnesium will 
be covered. 

Protective coatings lectures, among 
other things will consider surface coat- 
ings, surface preparation, application, 
metallic and organic coatings, aqueous 
environments and design. Principles of 
cathodic protection, current courses, de- 
termination of requirements and special 
effects of cathodic protection will be 
covered also. 


Louisville Industries Are 


Charged With 82% of 
Air Pollution Load 


Industries in Louisville, Kentucky’s 
West End industrial complex were 
found to contribute 85 percent of the 
air pollutants measured during a survey 
of the city by the Robert A. Taft Sani- 
tary Engineering Center, Cincinnati, in 
cooperation with the Jefferson County 
Air Pollution Control District, U. S. 
Public Health Service, and other state, 
national and local agencies. Of the re- 
mainder, 9 percent was traced to domes- 
tic sources and 6 percent to transporta- 
tion, 

Of the industrial pollutants recorded 
78 percent were gaseous and 7 percent 
solids. 

The survey revealed about 440 tons of 
pollutants were discharged daily into the 
air over the West End, not including 
nitrogen, hydrogen, oxygen, carbon di- 
oxide and water vapor. 

The data were collected in an inten- 
sive campaign involving sampling of air 
for solids, bacteria, gases and obnoxious 
odors, and including meteorological fac- 
tors. Through the use of fluorescent 
tracers, principal avenues through which 
pollutants were distributed were charted. 


Included in the study were results of 
air pollution on materials. Steel spring 


(Continued on Page 96) 
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Coatings School Set 
For September 6 and 13 


The practical coatings school to be 
given by Coatings Society of the Hous- 
ton Area will have its first session Sep- 
tember 6 and its second September 13. 
Those who miss the first Saturday can 
attend on the second Saturday, when 
the same schedule of events will be 
given. (See CORROSION, August, 1958, 
Page 95). 

The school will be held beginning at 
9 am each day at Hanna Construction 
Company, 9000 Airport Blvd., Houston. 





Quick Identification by 
Crystal Facial Angles Is 
Facilitated by Catalog 


Because the angles formed by the 
sides of a material crystals are always 
the same, it is possible to identify sub- 
stances by measuring the angles of the 
crystal faces of an unknown substance 
and identify it by referring to a table 
in which the facial angles of crystals 
are listed with keys to the materials. 
Two recent developments have put this 
method of identification in the reach 
of nearly everyone: Publication of the 
Barker Index of Crystals (Volume 2 of 
the contemplated three volumes was 
published in 1957 and Volume 3 is 
scheduled to be published in 1958) and 
the invention of a small, relatively inex- 
pensive goniometer with which crystal 
faces can be measured accurately. 

The index to crystals, ultimately to 
cover 10,000 of the most commonly 
encountered materials, is based on the 
work of T. V. Barker of Oxford Uni- 
versity, who devised a set of geometrical 
principles which would make it possible 
for any worker to select the same key 
classification angles on the surface of a 
crystal. His system was the outgrowth 
of a much more complicated system 
conceived by E. Frankenheim, a Ger- 
man crystallographer in 1842 and de- 
veloped into a catalog of identifications 
by E. S. von Federov, a Russian, who 
compiled in 1912 an index of 10,000 
materials which was published after his 
death in 1920. 

3y means of the catalog of crystal 
face angles it is ‘ossible to identify 
without chemical analysis as little as a 
single crystal of a material. An optical 
goniometer, developed by L. W. Codd 
makes measurement of the angles rela- 
tively simple. 


Papers on Environmental 
Testing, Simulation, Sought 


Papers on environmental testing or 
simulation are sought for the April, 1959 
annual meeting of the Institute of En- 
vironmental Engineers in Chicago. Ray- 
mond G. Yeager, Chrysler Corp., Mis- 
sile Div., P. O. Box 2628, Detroit 31, 
Mich, is program chairman. 
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ASTM Atmospheric 
Testing Results Given 


At Boston Meeting 


Several matters involving corrosion 
control were considered during the 
June 22-27 meeting of the American 
Society for Testing Materials at Boston. 
Among the subjects were: 


Atmospheric Test Sites—A summary of 
the final results of the program for de- 
termining the corrosiveness of various 
atmospheric test sites as measured by 
specimens of zinc and steel, was pre- 
sented by Committee B-3 on Corrosion 
of Non-Ferrous Metals and Alloys. It 
was proposed that this study be ex- 
panded to include calibration of the test 
sites at Newark, N. J., Columbus, Ohio, 
East Chicago, Til, and Freeport (Brazos 
River), Texas. 

The 60 specimens each of 74 com- 
mercially produced non-ferrous metals 
and alloys are being placed at four test 
sites throughout the United States. The 
specimens have been analyzed for 
chemical composition, weighed and 
thickness measured. When withdrawn 
following exposure the specimens will 
be measured to determine loss in weight 
and depth of pits. The specimens will 
then be cut into tension specimens to 
determine loss of strength. 

The second progress report on meas- 
urement of atmospheric factors of cor- 
rosion of metals was also presented. The 
data from this program are being ana- 
lyzed to see if there is any correlation 
between the rate of corrosion and the 
factors of time-of-wetness, SO: concen- 
tration and temperature. 


Corrosion Resistant Steels—Two sub- 
committees of Committee A-10 on Iron- 
Chromium, Iron-Chromium-Nickel and 
Related Alloys are working on the de- 
velopment of a specification for thin 
stainless steel sheets of 0.006 to 0.010 in. 
in thickness which are used primarily in 
aircraft, A test procedure will be estab- 
lished to accumulate data for specifica- 
tion limits. 

Maximum carbon limits in low-carbon 
grades of stainless steel are being 
studied in detail. The object is to satisfy 
the producers from the standpoint of 
reasonable production procedures and 
to meet the demands of the chemical 
industry for corrosion resistance and 
the high-temperature interests for ele- 
vated temperature properties. This in- 
vestigation will involve many ASTM 
groups as well as the ASME Boiler 
and Pressure Vessel Code, the American 
Welding Society, the Chemical Industry 
Advisory Board and the American Iron 
and Steel Institute. 

Progress is being made toward ASTM 
specifications for high-temperature super 
strength alloys. Agreement has _ been 
reached that the alloys can be divided 
into four classifications: Iron-base, co- 
balt-base, nickel-base and stainless ‘steel 
(precipitation hardening). There is good 
prospect of a specification by next year. 

L. L. Wyman is chairman of the 


(Continued on Page 98) 
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“QUALITY” Line 


Good-All rectifiers are known 
the world over for their long life, 
high quality construction, low 
maintenance and generous de- 
sign. These features, in addition 
to a policy of individual engineer- 
ing service, have built Good-All’s 
reputation as the world’s largest 
manufacturer of Cathodic Pro- 
tection Rectifiers. 


GOOD-ALL ELECTRIC MFG. CO. 


— OGALLALA, NEBRASKA 


Magnetic Ball Check 
Valve Uses No Springs 


A magnetic ball check valve which 
does not require springs to close it and 
which can be made of corrosion-resistant 
materials can be used in many liquid 
systems. Designed to solve an oilwell 
corrosion problem by Harold Brown 
Co., Houston, the ball is readily moved 
from its seat by gas or liquid pressure. 
It returns to its seat automatically. 

In gas lift wells, for example, the 
magnetic ball check valve fulfills several 
important requirements. Because it has 
no springs to corrode and break, failure 
from this cause is eliminated and the 
resultant backwash through an inopera- 
tive valve eliminated. This backwash 
may penetrate a casing and necessitate 
expensive repairs. 

The ball is made of titanium carbide 
with a nickel binder. The cage is Monel 
into which magnets have been inserted. 
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pipe you can trust. 


SPECIAL DELIVERY jor liquids and gases in all branches of industry is assured 
with Kraloy Rigid Polyvinyl Chloride (normal and high impact) Plastic Pipe... 
with virtually no maintenance or policing. You install Kraloy PVC —and forget it. 
That's why millions of feet of Kraloy Plastic Pipe are in use today, because 
Kraloy PVC is inert and can never rust, rot, or corrode, is not subject to electro- 
lytic action, handles abrasives, slurry and most Ph factors, is scale resistant. 
Superior flow characteristics (C factor = 150+) permit use of smaller diameters. 
Installation costs 50% less, due to light weight and ease of handling. 


Write for complete information and literature. 


KRALOY 


RIGID PVC PLASTIC PIPE 
NORMAL AND HIGH IMPACT 


Kraloy Plastic Pipe Co., 4720 E. Washington Blvd., Los Angeles, Dept. C-98 
Subsidiary of the Seamless Rubber Co., a Rexall Drug Co. Subsidiary 
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Magnetic force is sufficient to move the 
ball check to closed position where it 
is at a maximum, the position at which 
maximum force is needed, The force is 
weakest when the valve is in the opened 
position. The magnetic force has no in- 
fluence on the process stream passing 
through it. It will open and close in any 
position. 

The valve also is recommended for 
use in streams where contamination is 
an important factor or where’ the corro- 
sion products of a valve spring would 
be harmful. 


Mathematics, Physical 
Sciences Course Offered 


A new four-year curriculum in math- 
ematics and the physical sciences, lead- 
ing to a BS will be offered this fall by 
Stevens Institute of Technology, Ho- 
boken, N. J. The curriculum will con- 
centrate on basic theory and its general 
application in the several fields of physi- 
cal science such as atomic physics, geo- 
physics and physical chemistry. 

Enrollment will not be limited to a 
specific number of students. 


ECS Meets September 28 


Technical sessions on batteries, corro- 
sion, electrodeposition, electronics (semi- 
conductors), electro-organics, electro- 
thermics and metallurgy and theoretical 
electrochemistry will be held at the 
September 28-October 2 meeting of 
The Electrochemical Society. The meet- 
ing will be held at Chateau Laurier, 
Ottawa. 


Metallurgists Are Sought 


Metallurgists for work on catapults, 
arresting gear, aircraft and guided mis- 
siles are wanted by the Naval Air Ma- 
terial Center, Naval Base, Philadelphia 
12, Pa. Pay scales range from $4490 to 
$8810 a year. 


Louisville Industries— 
(Continued From Page 95) 


test specimens were used to learn some- 
thing about the varying rates of corro- 
sion in the area. Springs mounted out- 
doors showed a loss of tensile strength 
greater than that of others when they 
were in the path of pollutants dispersed 
by prevailing southwest winds. It ap- 
peared the combined effects of outdoor 
exposure and air pollution were more 
destructive than the effect of air pollu- 
tion alone. 

To a limited extent it was discovered 
that the effect of exhaust gases from 
transportation vehicles was a factor in 
the pollution problem, but not to the 
same extent as in other cities. 

Recommendations developed by the 
study include: Reduction of solid par- 
ticle emission by burning fuel to less 
than 0.85 lb. per 1000 pounds of flue gas 
adjusted to 50 percent excess air for 
products of combustion. Maximum daily 
tonnage limitation on emission from any 
one plant. No emission of more than a 
ton a day of solids from any process 
operation. Reduction of irritant gases 
from fuel combustion. Reduction of un- 
treated emission of odorous gases by at 
least 90 percent. Reduction of emission 
of hydrocarbon vapors. 

Prohibit open burning of leaves and 
refuse. Coordination of activities in air 
pollution control with adjacent com- 
munities. A program of public informa- 
tion. 





ol. 14 


e the 
re it 
vhich 
ce is 
ened 
O in- 
ssing 
| any 


| for 
yn is 
orro- 
ould 


September, 1958 


Johns-Manville Asbestos Wraps 
are available in 3 types for field 
application or mill wrapping. 


Soil stress tests show the effec- 
tive shielding action of J-M 
Asbestos Wraps. 18” coated 
sections of 4” O.D. pipe were 
buried in bentonite clay which 
was first wetted down and 
then allowed to dry out. At 
the end of 28 wetting-drying 
cycles, J-M Asbestos Wraps 
were found to give excellent 
protection to the enamel. 


Plasticized enamel 
without J-M 
Asbestos Wrap 


Plasticized enamel 
after protection with 
J-M Asbestos Wrap 


Extensive research and field tests con- 
ducted by a leading firm of consulting 
engineers have demonstrated the 
effects of soil movement and earth loads 
on pipeline enamels. They show how 
the forces of the soil tend to distort 
and induce thin spots that weaken the 
protective coating ... permit corrosion 
of the pipeline. 

The same research and field tests 
also demonstrated that J-M Asbestos 
Wraps provide the strong protection 
that strong coatings need and deserve. 
“Asbestos Wraps offer the most effec- 
tive single protection against damage 
—prolong the working life of pipeline 
enamels.’’ Here’s why ... 


GENERAL NEWS 


‘Stop damage to enamels 
from earth loads and “~-.= 
soul movement... 


Get lasting protection 
with tough, strong 
J-M Asbestos Wraps 


Asbestos is an ageless mineral. Fibers 
of asbestos are strong and tough... 
cannot rot or decay. As used in J-M 
Wraps, the fibers are felted, then 
impregnated with a coal tar or asphalt 
saturant to form literally a flexible 
covering of stone. These “‘stone-like”’ 
qualities form a durable shield — 


protect pipeline enamels from earth 
loads and soil movement which weaken 
coatings and permit pipe corrosion to 
set in. 

Pipeline engineers are invited to 
write for their own copy of PP-34A, 
a 3-Point Study of Pipeline Coatings 
and Wrappers, at no cost or obligation. 


Johns-Manville, Box 14, New York 16, N. Y. 
In Canada, Port Credit, Ontario 


JOHNS-MANVILLE 


Jouns=-Manvitte 3/¥} 


PRODUCTS 



















CorrosionMechanisms Paper 
Presented by F. L. LaQue 


Frank LaQue, International Nickel 
Co., Inc., New York, former president 
of NACE, and long prominent in its 
affairs, presented a paper, Corrosion 
Mechanics and Materials Selection Meth- 
ods at the Golden Jubilee meeting of 
American Institute of Chemical Engi- 
neers, Philadelphia, June 22-27. 

A paper on Rubbers as Materials of 
Construction for the Chemical Process 
Industries by B. S. Garvey, Jr., Penn- 
salt Chemicals Corp., Wayne, Pa. said 
a basic reason for the use of rubbers 
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an outline of the latest approved 
ractices in all marine main- 
enance. 
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is that they make possible better or 
cheaper equipment than that they make 
from other materials and have as good re- 
sistance to chemical attack. 

The paper, Ceramic Materials for Cor- 
rosion Resistance in the Chemical Proc- 
ess Industries by Wayne A. Deringer, 
A. O. Smith, Corp., Milwaukee, Wis. 
emphasized the chemical qualities of 
ceramics as principal advantages in use 
of the material. Ceramics are used at 
temperatures too high or with corro- 
sives too severe for metals to stand, he 
said. 

® 
Fifteen local corrosion control com- 
mittees have affiliated with NACE’s 
T-7 committee in two years. 





THE CHARACTERISTIC DURABILITY 
OF INTERNATIONAL PAINTS MAKE 
THEIR USE A MATTER OF ECONOMY 





«ntemalionay 


INTERNATIONAL 
+ PAINTS 


Pints = Gulf Stocks at: 


SAN ANTONIO MACHINE & 


SUPPLY CO. 
Harlingen, Texas 
Phone: GArfield 3-5330 


SAN ANTONIO MACHINE & 
SUPPLY CO. 

Corpus Christi, Texas-Phone: 2-6591 
TEXAS MARINE & INDUSTRIAL 
SUPPLY CO. 

Houston, Texas 
Phone: WAlnut 6-1771 
TEXAS MARINE & INDUSTRIAL 
SUPPLY CO. 
Galveston, Texas----- Phone: 5-8311 
MARINE & PETROLEUM SUPPLY CO. 
Orange, Texas 
Phone: 8-4323—8-4324 
RIO FUEL & SUPPLY CO., INC. 
Morgan City, La.-Phone: 5033-3811 
ROSS-WADICK SUPPLY COMPANY 
Harvey, La.-Phone: Fllimore 1-3433 
VOORHIES SUPPLY COMPANY 
New Iberia, La.--Phone: EM 4-2431 
MOBILE SHIP CHANDLERY CO. 
Mobile, Ala.-Phone: HEmlock 2-8583 


BERT LOWE SUPPLY CO. 
Tampa, Florida ----- Phone: 2-4278 





Offices: 


New York 6, N. Y., 21 West St., Phone: WHitehall 3-1188 
ne painting of Shige. itis New Orleans 15, La., 628 Pleasant St., Phone: TWinbrook 1-4435 
So. San Francisco, Cal., So. Linden Ave., Phone: Ploza 6-1440 
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ASTM Atmospheric— 


(Continued From Page 95) 


committee which will meet next in 
February, 1959, at the ASTM Commit 
tee Week, Pittsburgh, Pa. 


Zr, Cb, Mo, W, Li, U Studied—Activ: 
task groups of Committee B-2 on Non 
Ferrous Metals are working on tenta 
tive specifications for many of the un 
common or newer metals that are be 
coming important industrially such a: 
zirconium, columbium, molybdenum 
tungsten, lithium and uranium. Fac 
finding groups are active on beryllium 
tantalum, hafnium and thorium, but n 
plans for specifications have yet beer 
set definitely. It is probable that a sym 
posium on these uncommon metals wil 
be held at the 3rd Pacific Area Nationa! 
Meeting, San Francisco, October 195° 
to assist in gathering information fot 
specifications. 

The deleterious effect of arsenic it 
solder when used to join copper and 
brass products was discussed and steps 
are being taken to limit arsenic in solder 
to a safe level when used in this field 
of application. A symposium on solders 
and soldering is being planned for 1961. 

Work is in progress on tentative spe- 
cifications for titanium and titanium alloy 
welding rod and bare electrodes, as well 
as on titanium and titanium alloy bars 
and billet. 


Activated Carbon Vs Corrosive Gases— 
The bad effect of organic vapors on con- 
tact performance can practically be elimi- 
nated by using activated carbon wafers 
in the sealed enclosure, according to 
James R. Laskie of National Carbon Co., 
speaking before Subcommittee IV _ of 
Committee B-4 on Metallic Materials for 
Electrical Heating, Electrical Resistance 
and Electrical Contacts. Good activated 
carbon adsorbs about half its weight in 
organic vapors, A minimum of 0.6 g acti- 
vated carbon per 10 cu. in. of space is 
required. 

The development of a method of 
bonding the carbon which makes it 
highly resistant to powdering from vi- 
bration while not reducing its ability 
to adsorb has made possible the fabri- 
cation of small compact pellets which 
may be fastened where desired with 
epoxy cement. In some cases baking 
operations for outgassing have been 
eliminated by using this getter. 

E. L. Shobert is chairman of B-4 
which will meet next in October in 
Chicago. 


St. Mary's Offers BS 


St. Mary’s University of Texas has 
added a four-year course leading to a 
bachelor of science degree, the first en- 
gineering degree to be offered by the 
school. The 164-hour course will blend 
humanistic and religious knowledge with 
scientific and technological growth of 
the student, according to school officials. 


Technical Illustrators’ 
Organization Is Expanding 


Technical Illustrators’ Management 
Association is soliciting members na- 
tionally among persons interested in 
technical illustration problems. Those in- 
terested may get information from Keith 
Kinnaird, Technical Illustrators’ Man- 
agement Assoc., P. O. Box 1021, Holly- 
wood 28, Cal. 
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Now you can predict service life because Byers PVC Pipe Engineering brings a factual approach to piping system design 


FACT: 


In sulfuric acid 
Byers PVC Pipe can 
out-perform stainless 


at 1/5 the cost 


Stainless steel pipe often fails where Byers PVC Pipe 
doesn’t. 

Typical are sulfuric acid applications. Here, Byers PVC 
Pipe will not only out-perform stainless in terms of corrosion 
resistance — it also costs less. Only 1/5 the cost of stainless. 
That’s why specification of Byers PVC Pipe makes such 
solid sense in this service. 

The versatility of Byers PVC Pipe makes it ideal for many 
other corrosive services where metal pipe is either unsatis- 
factory or quite costly. Here are a few: acid fume vent piping, 
acid reactor blowoff lines, drain and sewer lines, and process 
lines handling acids, alkalies, oxidizing agents, alcohols, 
brines, plating solutions, slurries, and many other fluids. 

Where product purity is important, Byers PVC Pipe is 
especially suitable. [¢ will not contaminate. 

A talk with a trained Byers field service representative 
can cut your corrosion bills, save you money. No obligation, 
ever. A. M. Byers Company, Clark Building, Pittsburgh 
22, Pennsylvania. 


BYERS PVC PIPE 

















































Byers PVC Pipe is available in sizes %4” through 6”, 
in schedules 40, 80 and 120. 


Type | — compounded of pure PVC resin for normal 
impact and outstanding corrosion resistance. 
TYPE !1— compounded of pure PVC resin modified 


with plasticizer for high impact resistance in mechani- 
cally punishing applications. 







Write our Engineering 
Service Department 
for copy of new 32- 
page illustrated cata- 
log on Byers PVC Pipe. 
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BOOK NEWS 


Cathodic Protection of Buried Struc- 
tures. 30 pages, 7144x934 inches, paper. 
December, 1957. Joint Committee for 
Coordination of the Cathodic Protec- 
tion of Buried Structures, Central 
Electricity Generating Board, 24-30 
Holborn, London EC 1, England. 
Availability not indicated. 

A general discussion of the theory of 

corrosion, especially as it applies to un- 

derground metal. The second chapter 
deals with applications of cathodic pro- 
tection and the third considers inter- 
ference problems. 

Chapter four describes some of the 
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information the committee is interested 
in getting concerning cathodic protec- 
tion. 


Industrial Maintenance Painting. Second 
Edition. By Paul E. Weaver. 189 
pages, 544 x 8% inches, flexible cloth. 
1958. Paul E, Weaver, 4025 Brady St., 
3aton Rouge 5, La. Per copy, $5.50. 

This edition expands on the wide variety 
of information useful to industrial main- 
tenance painters that appeared in the 
first edition. Prices have been brought 
up to date and new information de- 
veloped since 1955 included. 

Contents include surface preparation, 
coating characteristics, spray equipment, 
shop painting, inspection, specification 
writing, paint testing, comparative costs, 
design, cost estimating, tank cars and 


Corrosion Can Take a Holiday 


IN PIPE COATINGS AND WRAPPINGS OR IN PROTECTIVE PAINTS 


Tinker and Rasor Holiday Detectors can assure this fact. They are an 
insurance policy that you are getting what you pay for in applied protective 
coatings. Tinker and Rasor pipeline (jeeps) holiday detectors are your 
inspector's right hand. They can give him the best quality control possible. 
On transmission lines he can spot trouble, as soon as it develops, such as 
clogged sprays on dope machine (which leaves pipe uncoated but covered 
with outerwrap), carbonized particles in bitumens, etc. 


”~ 





MODEL HP US Patent #2629002 
SHOULDER-PACK 


(electrode) 


Tinker and Rasor shoulder-pack holiday 
detector is designed to give the best possible 
inspection. It offers an adjustable voltage out- 
put range from 5,000 to 20,000 volts of sharp 
pulse type voltage which puts less stress on 
protective coatings. This equipment is avail- 
able with conductive silicone brush type 
electrodes (non-fouling in soft coatings), for 
inspecting flat or irregular surfaces and with 
full and a half circle spring electrodes. This 
model will inspect damp or dry coating 
equally well and, as in all Tinker and Rasor 


detectors, has audible bell signal. 





LINE-TRAVELING 


The model HP self-contained line-traveling 
detector, has its own power supply (wet cell 
battery); needs no ground wire and operates 
equally well on damp or dry pipe. Adaptable 
on any size transmission pipelines. 





MODEL EP 


PAINT AND THIN FILM 


Tinker and Rasor Model M 1 detector is used 
for inspection of thin films where complete 
protection is a necessity. The detector has a 
bell alarm signal and is equipped with a 
leather case and belt loop. The potential of 
inspection is 67 volts. Not a spark detector, it 
operates with a damp cellulose sponge 
mounted on a phenolic wand handle. Pin 
holes can be pin pointed by using a corner of 
the sponge once a holiday has been detected. 


TInNRER & RASOHR 
417 Agostino Rd,(P.0. Box 281), SAN GABRIEL, CALIF. + ATlantic 7-7942 


DISTRIBUTORS: Crutcher-Rolfs-Cummings, Inc., Houston, Texas, Remco Man- 
ufacturing Company, Inc., Tulsa, Oklahoma, Canadian Equipment Sales and 
Service, Ltd., Edmonton, Alberta, Bob Herrick, Rentals and Service, Harris- 
burg, Penna., Falcon Line Products Corp., Elizabeth, N.J. 

Export Agents: Frazar and Hansen, Ltd., San Francisco, Calif. 
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CORRECTION 


In August CORROSION, under the head- 
ing BOOK NEWS the following book 
was mentioned, but the price indicated 
was incorrect. Here is the title and the 
correct price: 


Korrosionstabellen Metallischer Werk- 
stoffe. 
Fourth Edition. (In German) By Franz 
Ritter. 290 pages, 6% x 91 inches, 
cloh. 1958. Springer-Verlag in Wien 
wae Austria. Per copy, 





vessels, solvents, colors, painting eco- 
nomics, notes on coatings and cathodic 
protection. There is a_ bibliography, 
schedule of references, a glossary and 
an alphabetical subject index. 

The book is written in an informal 
style in simple language and is suited 
to the needs of the painter who has not 
had formal coating education. A princi- 
pal feature that should prove useful are 
the tables which give data not readily 
found elsewhere, and which are compre- 
hensive in coverage of the whole main- 
tenance coating problem, Examples are 
tabulated data giving approximate 
square feet per linear foot and per ton 
for different steel members and average 
surface area per ton of steel for differ- 
ent types of construction. 


7th Biennial Corrosion Tour. 27 pages, 

8% x 11, paper cover. 1958. Permian 

3asin Section, National Association of 

Corrosion Engineers, Availability not 

indicated. 

This is the printed report of the Seventh 
Annual Corrosion Tour conducted by 
Permian Basin Section NACE. The tour 
covered a wide area and numerous ex- 
hibits in the vicinity of Midland, Odessa, 
3ig Spring and other oil producing cen- 
ters nearby. 

Exhibits inspected are described and a 
consensus is given by observers con- 
cerning the condition of the exhibits and 
effectiveness of the cerrosion control 
methods used. These exhibits included 
many which have been seen repeatedly 
during the course of the preceding tours. 
They include such structures as pilot 
water flood systems, cement and plastic 
lined gun barrels, stock tanks, flowlines 
coated in place, treaters, sucker rod 
strings, coils and others, 


Anti-Corrosion Mannual. 260 pages, 8% 
x 11, cloth. Corrosion Prevention and 
Control, 140 Cromwell Road, London, 
S.W. 7, England. Per Copy, 2 Pounds 
Sterling, 10 shillings not including 
postage. 

The first edition of a proposed annual 

publication giving practical information 

on corrosion control. A considerable 
percentage of advertising is included in 
the book. 

Contents include, introduction to cor- 
rosion and its prevention, fretting, ca- 
thodic protection, instrumentation, cor- 
rosion resistant materials, surface 
preparation techniques, organic and 
metallic coatings, wrapping and spray 
packaging. Many of the articles are 
adapted from articles in the periodical 
“Corrosion Prevention and Control” and 
others are written by persons prominent 
in British corrosion control work, or 
supplied by companies and trade associ- 
ations. 
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200-hour torture test proves 


REG. U.S. PAT, OFF 


SCOTCHRAP superiority! 


BRAND 


PIPE PROTECTION TAPE 


Each of these 5 standard pipe lengths was covered with a different 
commercial pipe “protective” coating—both tapes and mill-coat- 
ings. All five pipes were then put in the barrel shown with an 
abrasive-chip tumbling medium and continuously tumbled for 200 
hours. This unretouched photo shows the results: only the pipe 
coating on the extreme right survived intact—the pipe wrapped in 
“SCOTCHRAP” Brand Pipe Protection Tape. This photo shows 
clearly and dramatically why “ScOTCHRAP” gives such superior 
performance in resisting abrasion from backfilling and under- 
ground soil stresses. Add to this the superior resistance to elec- 
trolytic forces... the superior shear adhesion strength... and 
the new low prices, and you have the reasons why we believe 
““SCOTCHRAP”’ Pipe Protection Tape is your best total coating buy 
for entire distribution systems. 


“ScoTCHRAP” is a registered trademark of 3M Co., St. Paul 6, Minn. 


““SCOTCHRAP”’ Pipe Protection Products 


LOOK what you can do 
with “ScoTcHRAP” 


MAKE QUICK, easy applications to 
any size pipes. ‘‘“SCOTCHRAP”’ is specially 
formulated polyvinylchloride in handy 
tape form. It is tough, but conformable; 
sticks at a touch...no heat...no mess! 


ACTUAL field use shows why abrasion- 
resistance of ““SCOTCHRAP” is important: 
backfill is coarse, rough—could easily 
puncture or tear less tough coatings. 


SAVE TIME on total system coverage. 
With wide-width ‘“‘ScoTcHRAP”’ and 
‘“‘Betzel” Tapester, one man covers 200 
feet of 4” pipe in less than 30 minutes. 


INSULATE joints, tees, elbows in the 
field. Supercomformable “‘ScOTCHRAP” 
does it quickly. For complete informa- 
tion on “SCOTCHRAP’’, or to arrange 
demonstration, write: 3M Co., 900 Bush 
Ave., St. Paul 6, Minn., Dept. 5Q-98 


LEE >>, 


« .. WHERE RESEARCH IS THE KEY TO TOMORROW 
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Air Pollution 


Catalytic Reduction of nitrogen oxides 
to harmless free nitrogen is effected by 
a system installed at Koppers Co., Inc., 
Arroyo, W. Va. plant. Catalytic Com- 
bustion Corp., Detroit 8, Mich., built the 
system which handles nitric acid and 
nitrogen oxides produced at toxic levels 
from an acidulation process. 


Ceramics 


Ceramic materials can be formed into 
extremely thin corrugated or other high 
surface area structures permitting for 
the first time fabrication of ceramic heat 
exchangers, catalyst supports and light- 
weight structural units. The techniques 
developed by Minnesota Mining & Mfg. 
Company’s subsidiary American Lava 
Corp., Chattanooga, Tenn. permit form- 
ing ceramics such as magnesium alu- 
minum silicate, zirconium oxide, bonded 
silicon carbide and others into complex 
shapes, much in the way metals are 
formed, but which are no longer ductile 
in final form. Applications for the shapes 
are seen in high temperature heat ex- 
changers and other similar uses. 


Coatings—Organic 

Zirco, a synergistic drier catalyst per- 
mits formulation of paints without lead. 
Developed by Advance Solvents and 
Chemicals, 500 Jersey Ave., New Bruns- 
wick, N. J., the material is said to ac- 
tivate on catalyze drying metals such as 
cobalt and manganese. A_ bulletin’ is 
available on the material. 


Dresser Red-“D”, a new shop coat will 
give over six months’ protection against 
of pipe couplings, according 
to Dresser Manufacturing Division, 
Bradford, Pa. The coating can be 
cleaned with gasoline or carbon tetra- 
chloride and is compatible with more 
than 95 percent of field coating systems 
used on pipelines today. It is non-toxic 
in potable water. 


corrosion 


Permatron Co., 2117 East York St., 
Philadelphia 25, Pa. produces a one-coat 
organic finish in brass, gold, copper, 
bronze and a variety of colors which 
can be sprayed, dipped or roller coated 
before baking between 400 F for seven 
minutes and 325 F for 15 minutes. Met- 
als coated thus have the appearance of 
solid metals. The coating is suggested 
as substitute for plating and anodizing. 


Dag Colloidal Graphite dispersions are 
being used to protect electric typewriter 
parts against corrosion and permanently 
lubricate them at the Elmira, N. Y 
plant of Remington Rand Division of 
Sperry-Rand Corp. 
e 

Powdered Vinyl Resins available from 
Polymer Processes, Inc., 125 N. Fourth 
St., Reading, Pa. are being used to 
produce fused vinyl coatings on metal 
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surfaces. The process involves heating 
metal parts to be coated above the flow 
temperature of the vinyl resin and then 
dipping the parts into a bed of dry 
fluidized vinyl powders which melt and 
encapsulate the object and bond by fu- 
sion to its surface. Uniform thickness 
from 10 to 50 mils are obtained in a 
single dip. 


Inhibitors 


PL-297, a compound which coats cop- 
per-bearing surfaces and acts as a chem- 
ical insulator is seen by DuPont Com- 
pany’s petroleum Chemicals Divisions 
as useful in hydrocarbons where it is 
desirable to eliminate catalytic effects of 
copper or copper-bearing alloys, or to 
increase stability of gasolines in pres- 
ence of copper. 
& 


Hagan Phosphates for boiler water con- 
ditioning are described in Bulletin HSP- 
906 available from Dept. 410, Hagan 
Chemicals & Controls, Inc., Box 1346, 
Pittsburgh 30, Pa. 


a 
A Proportional Chemical Feeder, de- 


signed for use in connection with cool- 
ing towers, evaporative condensers or 
air washers that has no moving parts 
has been developed by Water Service 
Laboratories, Inc., 615 West 131st. St., 
New York 27, N. Y. The feeder, at- 
tached to a chamber containing a solid, 
water-soluble chemical captures a small 
amount of water from the spray, per- 
mits it to circulate over the solid chemi- 
cal where some is dissolved, and then 
to flow back into the system. The unit, 
which weighs from 15 to 25 pounds, has 
been tested for more than two years 
and found to operate successfully. 


Cooltex, a transparent chemical coolant 
for grinding operations being marketed 
by the Texas Company, gives good rust 
protection even when highly diluted, 
according to W. E. Kuhn, general man- 
ager of Texaco’s Research and Techni- 
cal Department. It leaves no_ sticky 
film on surfaces. 


Instruments 
Liquid Probe, an 


attachment for the 
D-K Analyzer, produced by  Delsen 
Corp., 719 W. Broadway, Glendale 4, 
Cal. permits direct readings of dielectric 
constants and dissipation factors of most 
non-conductive liquids. It can be in- 
stalled as a continuous monitor. 


Shandon Electropolishers produce elec- 
tropolished surfaces in 10 seconds under 
controlled conditions. Potentiostats 
made by the firm, designed to control 
electrode potentials to any desired value, 
have a range of applied potential be- 
tween electrolyte and test piece from 0 
to plus or minus 2 volts and output cur- 
rent variable from 0 to plus or minus 
50 ma. More information is available 
from Shandon Scientific Company, Ltd., 
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London S. W. 


“I 


6 Cromwell Place, 


England. 


Insulators 


Roseal, a polyethylene butyl rubber resin 
with high resistance to corrosive fumes, 
greater resistance to moisture than 
other non-metallic sheaths and easier 
pulling because of its waxy construction 
has been patented by Rudolph A. Schat- 
zel, vice-president of engineering of 
Rome Cable Corp. The cable sheathing 
compound has been tested both as a 
sheath and as insulation over a period 
of two years. 


Pesco nylon insulating couplers were 
improved in 1956 to eliminate field start- 
ing problems. More data and a list of 
dealers are available from Plastic Engi- 
neering & Sales Corp., P. O. Box 1037, 
Fort Worth, Texas. 


Metals—Ferrous 


Allegheny Stainless in Chemical Proc- 
essing, a 40-page booklet is now avail- 
able on request from Advertising Dept., 
Alleghen Ludlum Steel Corp., Oliver 
Bldg., Pittsburgh 22, Pa. A table of the 
corrosion resistances of all the com- 
pany’s stainless steels is included. 


4-D Wrought Iron, A New Dimension 
in Corrosion Control, is available on re- 
quest from A. M. Byers Co., P. O. Box 
1076, Pittsburgh 30, Pa. Tabulated data 
are given on the comparative resistance 
to numerous typical corrosive condi- 
tions of the new 4-D, standard wrought 
iron, and alternate ferrous materials. 


Metals—Non-ferrous 


Carpenter Titanium Tubing and Pipe, 
an &8-page illustrated brochure, describes 
products made of titanium by the firm’s 
Alloy Tube Division. Diagrams are 
given of corrosion resistance. 


Monel netting used to hold insulation 
against boiler and steam line surfaces in 
a paper mill lasted 2% times as long as 
galvanized steel netting. 


The Beryllium Corp., is operating at 
Hazleton, Pa. the nation’s first inte- 
grated privately-owned plant for the 
fabrication of beryllium metal. 


Zirconium was used by Pfaudler Co. to 
fabricate a shell and tube heat ex- 
changer incorporating solid zirconium 
bonnets and tubes and zirconium lined 
tube sheets. The 4% inch ID shell is 
made of Type 304 stainless steel. The 
resistance of zirconium to attacks by 


both acids and alkalis used alternately 
indicates it will find ready use in many 
industries. 
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You can see why Saran lined pipe cuts operating costs 


These corrosion-resistant pipes, fittings and valves 
are stock items, and they can be fabricated in the field 


The long range economy of Saran lined pipe starts right 
here—with the immediate availability of pipe, fittings and 
valves . . . as stock items. There’s no waiting . . . no price 
premium to pay. 


And Saran lined pipe can be fabricated in the field. Only 
conventional hand tools or power equipment are needed to 
cut and thread it right on the job site. 


Saran lined pipe pays off through the years with superior 
corrosion resistance and strength. When you specify the 


new gray Saran lined pipe, valves, pumps and fittings, youll 
be able to pipe commonly used acids, alkalies and other 
corrosive liquids under a wider temperature range. 


You can plan a complete corrosion-free pipe system with 
Saran lined pipe, valves, pumps and fittings. They're avail- 
able for systems operating from full vacuum up to 300 psi 
and temperatures from —20° F to 200° F. Send the coupon 
today for further information. And be sure to ask about 
Saraloy® 898 tank lining, too. THE DOW CHEMICAL COM- 
PANY, Midland, Michigan. 
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Please send me information on: [] Saran lined pipe, fittings and valves [] Saran lined centrifugal pumps [1] Saraloy 898 chemical resistant sheeting 


SARAN LINED PIPE COMPANY 


DEPT. 2002C-1 a ee eee 


2415 BURDETTE AVENUE 


FERNDALE 20, MICHIGAN EN scien ala ain een Cl 


Company ca aa ee 


___. State. 


YOU CAN DEPEND ON 













































































































































































































































































































































































































































Lloyd E. Raymond, Singer Manufac- 
turing Co., New York, was appointed 
to the staff of Robert W. Stewart, vice 
president in charge of production. Mr. 
Raymond will investigate new processes 
and developments in the field of invest- 
ment casting, powder metallurgy and 
hard surface coatings. He is a member 
ot NACE, and holds offices in the 
American Institute of Mining and Metal- 
lurgical Engineers and the American 
Society for Metals. He is also a member 
of the American Electroplaters’ Society. 
Also appointed with him were Franklin 
A. Park, Kenneth Perkins and Howard 
T. Peters. 
e 


Clarence Bremer, a member of NACE, 
has been appointed technical director 
for Oakite Products, Inc., New York. 
He will be responsible for all of the 
firm’s research, product development 
and technical service laboratory work. 

® 
Richard W. Tannehill will be in charge 
of technical activities at the Hycar ni- 
trile rubber facilities of the Akron 
Chemical Plant of B. F. Goodrich 
Chemical Co. Paul T. Whitmire was 
named foreman of the general chemicals 
section. 

@ 
John W. Mayers has been promoted to 
chief engineer of the Pittsburgh Coke 
& Chemical Co. He will be responsible 
for all design, construction and engi- 
neering activities of the company’s plant 
facilities. The post is a newly created 
one. 

6 
Mark W. Elichelberger, executive vice 
president of the Lindsay Chemical Di- 
vision of American Potash & Chemical 
Corp., died recently at Chicago. He 
was 58. 

s 
Murray H. Bennett is now president; 
T. E. Detcher vice president; and E. A. 
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Branche, treasurer of Chemical Linings, 
Inc. 
® 


W. G. Renshaw and R, A. Lula, both of 
the research and development labora- 
tory of Allegheny Ludlum Steel Corp., 
have been named joint winners of the 
Sam Tour Award of the American So- 
ciety for Testing Materials. Mr. Ren- 
shaw is a member of NACE. He is re- 
search supervisor, corrosion section for 
his firm. A cash prize and certificates 
was presented to the men for their 
paper, Corrosion Properties of the 
Chromium-Nickel-Manganese Austenitic 
Stainless Steel, at the annual meeting 
of ASTM in Boston, June 25. 
© 


Nicholas Chernik has been promoted to 
assistant chief metallurgist of the Alloy 
Tube Division of the Carpenter Steel 
Co., Union, N. J. He now has super- 
visory responsibilities for the metallur- 
gists in that department. His work 
covers the fields of corrosion, produc- 
tion, experimental and development 
problems and projects. He is a member 
of National Association of Corrosion 
Engineers. 

® 
Marvin F. Hall has been appointed con- 
sulting gas engineer for Ebasco Serv- 
ices Inc. He will be in charge of gas 
engineering activities for the engineer- 
ing, construction and business consult- 
ing firm. He is a member of NACE 
and his firm is a corporate member of 
the association. 

® 
Ten field service engineers have been 
appointed to the nationwide sales force 
of A. M. Byers Co. They are: R. E. 
Beisler and R. Spurgin, Chicago; N. J. 
Cremonese, Silver Springs, Md.; G. F. 
Grey and W. O. Williams, Houston; M. 
E. Hanley, New York; L. H. Hawks, 
Boston; E. M. Jones, Pensacola, Fla.; 
K. E. MacDonald, Cleveland; and L. 
L. Swaney, Pittsburgh. 

% 
E. S. Malkin has been named eastern 
division manager and J. F. Brauning 
western division manager of the chemi- 


EXPERIENCE 


“Theories are very thin and unsubstantial; experience only is tangible.” 


—HOSEA BALLOU 


Without the textbook theories, the student would have no starting point. 
Therefore, the theory is vital in that it provides the base upon which 


practice can be built. 


But no theory is of any value until it has been proved or disproved by 
experience. And experience is gained in only one way—doing. 


Mayes Bros. has been doing pipe coating and wrapping work for the last 
28 years. In that time it has learned by repeated experience which 
theories are applicable to its operations and which are unacceptable. 


Why not put this 28 years of experience to work for you on your next 
pipe coating and wrapping job? Mayes’ jobs stand up, for they put 


permanence in pipe as promised, 


MAYES 


BROS. x 
& ORchard 


- HOUSTON, TEXAS — 
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cal products marketing group of Na- 
tion Carbon Co., Division of Union 
Carbide Corp. The two men will direct 
the field activities in their sales terri- 
tories. 

® 


George T. Deck has been appointed 
vice-president and technical general 
manager of the renamed Lindsey Chem- 
ical Division, West Chicago, Ill. He had 
been plant manager for the American 
Potash and Chemical Corp. subsidiaries, 
American Lithium Chemicals, Inc. and 
San Antonio Chemicals, Inc., San An- 
tonio, Texas. Russell S. Sunderlin suc- 
ceeds Deck at the Texas plants. 

Py 
W. R. Wilkinson, a senior vice-presi- 
dent of Johns-Manville Corp. has been 
made general manager of a Building 
Products Division which operates 12 
plants and 13 sales offices in the United 
States. J. A. O’Brien, another senior 
vice-president, who was vice-president 
and general manager of J-M Industrial 
Products Divisions since 1955 was made 
vice-president for sales. R. S. Ham- 
mond, a vice-president of the Johns- 
Manville Sales Corp. has been appointed 
general sales manager of a new Indus- 
trial Building Products Sales Dept. 

° 
G. H. Weight, formerly Southwest Dis- 
trict sales manager has been made sales 
manager, Middle states for The Bab- 
cock & Wilcox Company with head- 
quarters in Chicago. J. H. Roach, of the 
Houston office was made district sales 
manager at the Tulsa office and W. C. 
Mohrman. from the Tulsa office, be- 
comes district sales manager for the 
Houston office. 

e 


Walter P. Stroud has been appointed 
plant engineer for American Viscose 
Corp. Film Division, Marcus Hook cell- 
ophane plant. 

@ 


James D. Ghesquiere is now vice-presi- 
dent in charge of engineering for the 
Hinchman Corp. David R. Loheit is a 
new administrative assistant in the cor- 
poration. 

2 
Kenneth Cooke Brownell, 55, chairman 
of the board of American Smelting & 
Refining Corp. died August 4. 

® 
Don M. Etter has been given full re- 
sponsibility for all sales operations of 
Cosasco Div., Perfect Circle Corp. Le- 
land Auer, chief engineer remains in 
charge of production engineering and 
research and development while Melvin 
Estey will act in staff liaison capacity 
between Cosasco and its parent concern. 

° 
Herbert C. Geittman, Jr. an employee of 
Climax Molybdenum Co. died recently. 

* 
George L. Illig, Jr. has been named as- 
sistant to the vice-president of Indus- 
trial Chemical Sales, Hagan Chemicals 
& Controls, Inc., Pittsburgh. He is a 
member of NACE. 

® 
Norman A. Fletcher has been appointed 
manager of the valve division of Mine- 
appolis-Honeywell Regulator Co. 

® 


Arthur E. Bayce and Marvin A. Diesz 
have been added to the professional 
staff of Shell Development Co., Emery- 
ville, Cal. Mr, Diesz joined the polymer 
and chemical applications department as 
achemist and Bayce is a metallurgist in 
the materails engineering and corrosion 
department, 








Figure 1—Cutaway view of 
general purpose flammable 
liquid tank. 
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Abstract 


This article considers some of the corro- 
sion problems of the for-hire tank truck 
industry in its operation of about 26,500 
tank vehicles. 

General types of tank vehicles oper- 
ated are described and illustrated, in- 
cluding those for transporting flammable 
and corrosive liquids and compressed 
gases. Materials of construction dis- 
cussed include various types of steel, 
aluminum and clad materials. Use of 
metallic and organic coatings also is con- 
sidered. 

A brief outline of over 500 commodi- 
ties being transported at wide ranges of 
temperature, viscosity and corrosiveness 
is given 

Operating conditions which affect cor- 
rosion rates, especially those that differ 
from those of fixed plant operations are 
discussed. Included are: Large percent- 
age of empty “time”; wide variety of 
products transported in one tank; effect 
of prior products in combination with 
present product and results of cleaning 
methods on corrosion; inability to clean 
at time of unloading; and problems re- 
sulting from contamination of product 
by very small quantities of corrosive 
products. 

Also discussed are corrosion problems 
ranging from the transportation of wine 
and hydrofluosilicic acid to the effect of 
brine solutions on city streets on alumi- 
num tanks with steel under-carriages. 


Some Corrosion Problems of Tank Trucks 


HIS ARTICLE deals in general 

terms with a subject which many 
believe is one of the most interesting 
fields of transportation and corrosion. 
It is a rapidly-developing and challeng- 
ing field crowded with corrosion prob- 
lems which so far have had little 
attention from corrosion engineers, 
principally because they have not been 
brought to their attention. This article 
may help to correct this situation and 
result in closer cooperation between cor- 
rosion engineers and the tank truck 
industry. 

In recent years, that part of the truck- 
ing industry which is devoted to trans- 
portation of chemicals, gases and food- 
stuffs has expanded rapidly.’ It is this 
phase of tank truck transportation most 
affected by corrosion. 

In understanding the corrosion prob- 
lems of the trucking industry, an under- 
standing of the general nature and 
methods of operation of tank trucks is 
essential. First, the carriers are for-hire. 
That is, they will haul anything for 


* A revision of the paper “Corrosion Problems 
of Tank Truck Transportation.” by Louis 
Reznek, Director of Engineering Pe Safety, 
National Tank Truck Carriers Inc., Wash- 
ington, D. C., presented at the 14th Annual 
Conference, National Association of Corro- 
sion Engineers, San Francisco, California. 
March 17-21, 1958. 


And Their Solutions* 


which there is authority and equipment 
to handle safely, for anyone,- to any- 
where. 

3ecause most chemical operations are 
subject to Interstate Commerce Com- 
mission regulations this article deals 
with operations regulated by the ICC. 
Carriers must obtain operating author- 
ity from the commission with respect to 
the commodities to be transported and 
places to be served. They also are re- 
quired to operate specified types of 
tanks for commodities which the ICC 
classifies as dangerous. 

There are operating today approxi- 
mately 22,000 general purpose type units 
such as are familiarly known for gaso- 
line transportation. Many of them also 
are transporting chemicals. Also operat- 
ing are about 3500 so-called chemical 


tanks which are predominantly acid type 
or stainless steel tanks. Approximately 
1000 tanks are transporting compressed 
gases. 

All of these figures relate to over-the- 
road type tanks, predominantly semi- 
trailers, of over 3000 gallons capacity. 
General purpose type tanks average ap- 
proximately 7000 gallons. These vehicles 
are, with some few exceptions, owned 
by the carriers. 


Types of Tank Motor Vehicles 

Tanks may be divided into two gen- 
eral types: 1—Those transporting com- 
modities which the Interstate Com- 
merce Commission has classified as 
dangerous and, 2—Those used to transport 
commodities which are not so desig- 


(Continued on Page 106) 


Figure 2—Ring Stiffener type acid tank. 





106 CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


Some Corrosion Problems— 
(Continued From Page 105) 


nated. This latter class may be further 
divided into sanitary type tanks and 
those not required to be of “sanitary” 
construction. 

Three of the ICC dangerous articles 
classifications of primary interest are 
flammable liquids, corrosive liquids and 
compressed gases. Definitions for these 
classes and specifications for the tanks 
are to be found in the ICC Dangerous 
Articles Regulations. Rather than quote 
the definitions, a few illustrations of 
types of vehicles and a description of 
some commodities they customarily 
carry may be more valuable. 

Figure 1 shows a cutaway view of 
a conventional tank used to transport 
flammable liquids such as gasoline, sol- 
vents and alcohols. 

Note it is divided into compartments 
by transverse bulkheads and has baffle 
plates. While this is a conventional tank, 
the regulations under some conditions 
permit single compartment tanks and 
recently elimination of baffles has been 
authorized and internal or external ring 
stiffeners substituted for them. Primary 
purpose of eliminating bulkheads and 
bafes is to minimize corrosion and 
contamination. When these obstacles 
are eliminated, a “clean-bore” tank with 
no internal interference to proper clean- 
ing, coating or lining can be operated. 
These tanks almost without exception 
are filled through manholes at the top 
and unloaded by gravity through bot- 
tom valves. They may be constructed of 
open hearth or blue annealed steel, high- Figure 4—3000-gallon caustic soda tank vehicle. 


tensile steel, stainless steel, or of various 
grades of aluminum. The choice de- 
pends upon cost, weight, contamination 
and corrosion factors. 

Figure 2 shows a typical late-model 


tank for transporting corrosive liquids 
such as sulfuric, muriatic and_ nitric 


acids. These acids are top loaded. They 
are top-unloaded by air pressure. Note 
the tank is equipped with external ring 
stiffeners. This permits a cleanbore de- 


sign. Former designs either were baffled 


e , for stiffness or of heavier construction. 

for Superior Corrosion Control Internal restrictions did not permit 

ready lining with, for example, the rub- 

ber required for muriatic or weak sul- 

COATINGS furic acid solutions. A tank of this gen- 

eral type in concentrated sulfuric acid 

CORROSION REPORT BISONITE “957” surface may be constructed of as light 
Morecial ‘Resistance as 3/16-inch steel. 


Figure 3 shows an acid tank of some- 
Excellent Good Poor what older design. Such designs gen- 


Alkali oe really were of %-inch shell thickness. 
Solvent er Note particularly the dam around the 
fill opening at the rear and the drainage 


ee EO OO OE Oe eee wn tube to dispose of spillage. The prob- 


To prevent Corrosion by and Contamination of lem of external corrosion from spillage 
generally has been more severe than 


Food Products Heavy Chemicals Beverages internal corrosion in these acid tanks. 


Oils and Greases Hot Water Tanks of this type have been sand- 

Salts Solvents blasted and coated with 10 mils of spe- 
j ; i : cially catalyzed chlorosulfonated poly- 
A thermally cured coating that resists acids, solvents and alkalis ethylene in the rear area and 5 mils on 


Permanent adhesion. Solves many problems of chemical corrosion. For lining tanks, the remainder of the tank. This is re- 

Withstands 72% caustic at 130°C. tank cars, pipes, food containers, storage bins, fans, ducts, ported to be successful. 

for prolonged periods. hoods, etc. at moderate cost. Made by a company specializing = - . 

st iin: «to in corrosion resistant coatings. Not a side line. BISONITE Figure 4 is a 3000-gallon caustic soda 
rong oug' oxide, products in many cases have corrected conditions when other tank “Piece stanice+aredine tl “ 

Glazed glasslike surface. coatings have failed. Write for descriptive literature. Our sada ese tanks are aurerently con 

Greater thickness in fewer coats. nearest approved applicator will be glad to give your coating structed than acid tanks because caustic 


Reduces cost. problems immediate attention. soda is carried in concentrated solutions 
A NEW Advance in the field of oe a * eae sp 

aaah Gade. a BISONITE COMPANY, Inc. to avoid carrying water at no profit. 
Applied by qualified applicators = \” 2242 Military Road The most concentrated of these solu- 
.across the nation. ste Buffalo 17, N.Y. (Continued on Page 108) 


Figure 3—Acid tank with coating on spillage area. 
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try titanium now! 


Mounting competitive pressure makes reduced maintenance 
costs essential. More and more companies are easing this pres- 
sure with titanium—now readily available. Only titanium 
combines unique corrosion resistance with high strength- 
weight-ratio and works equally as well in valves and pipes as 
in complex components. 

But there are even more compelling reasons for trying 
titanium now. Its strength and lightness can affect the size, 


Electromet 


FERRO-ALLOYS AND METALS 


UNION 
CARBIDE 


The terms “Electromet” and “Union Carbide” 
are registered trade-marks of Union Carbide Corporation. 


performance and durability of equipment. It takes continuous 
temperatures up to 800 deg. F. and flash heats up to 2,000 deg. 
F., where other metals lose strength rapidly above 250 deg. F. 

These or other characteristics of titanium could well be the 
answer to your most puzzling maintenance or production 
problem. Only by putting it to work on your process can you 
discover all the benefits that titanium can bring to you. Try 


ae 
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it and see! 
GET UP-TO-DATE ON TITANIUM | 
Booklet gives cost saving service records. | 
Tells where you can get titanium mill 
products and fabricated equipment now. 


> 


CoO-9 
Division of Union Carbide Corporation 
30 East 42nd Street, New York 17, N. Y. 
Please send me a copy of “New Heat on Titanium.” 
Name 
Company 
Address 
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Figure 5—Compressed gas tank vehicle. 
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tions may solidify at as high as 144 F. 
This means the material must be car- 
ried hot and that tanks must be insu- 
lated for long distance service. Because 
of its high viscosity, it may be and 
generally is bottom-unloaded. These 
tanks either are steam-coiled or, at 
least, have the outlet valve steam jack- 
eted. In this service, aluminum is not 
used because of the corrosion problem. 
Figure 5 is a compressed gas tank 
such as is used to handle about 15 types 
of liquefied gases. The principal gases 
transported are liquefied petroleum gas 
and anhydrous ammonia. These are 
American Society of Mechanical Engi- 
neers type vessels. From the corrosion 
standpoint there has been little difficulty 
because the specifications require all- 
steel valves and fittings on anhydrous 
tanks. Because they sometimes are used 
interchangeably between LPG service 
and anhydrous ammonia, care must be 
used in selecting valves. That is, the 
brass valves generally used when LPG 
is being transported must be removed. 
It is necessary also to be certain that 
the LPG is not contaminated by resid- 
ual ammonia because contamination 
might cause corroded valves in cylin- 
ders where valves generally are brass. 
Figure 6 shows a tank used to trans- 
port molten wax, which is not classed 
as a dangerous article. This is a stain- 
less steel, steam-coiled, insulated tank. 
Typically it is used to transport wax to 
a plant manufacturing milk cartons. Al- 
though this is not strictly a sanitary 
type tank, corrosion, contamination or 
even over-heating which would cause 
discoloration would ruin the wax for 
this purpose because of the off-color. 


Types of Commodities Transported 

The figures give only a general idea 
of the range of products carried. Cur- 
rently over 500 commodities are being 
transported by tank vehicle; for in- 
stance: 

Liquid oxygen at minus 270 F and 
molten phthalic anhydride at over 500 F. 

Fluorine, chlorine, phosphorus, or sul- 
phur. 

Orange juice, 
plastic for dishes. 

Pickles and peas, flour, cherries and 
caustics. 

In short, practieally anything that 
flows is capable of being transported by 


syrup, milk and the 


tank vehicle. If necessary it may be 
heated, cooled, pumped, blown or sucked. 


Operating Conditions Affecting 
Corrosion 


One principal corrosion problem in 
which tank trucks differ from fixed 
plant type operations is when operating 
empty equipment. Unfortunately, from 
the profit and corrosion standpoints 
tank motor vehicles do not always run 
loaded, but are empty when moving al- 
most half the time and are frequently 
standing empty in yards awaiting call. 

This empty time does not always les- 
sen corrosion rates because a thin film 
of many commodities will cause more 
corrosion than a full lading will. For 
example, an empty sulfuric acid tank 
open to atmosphere permits atmospheric 
moisture to dilute the film of acid to 
produce a much more corrosive film 
than if the tank were loaded. 

Also because tanks frequently may be 
called upon to handle a wide variety of 
products, they are designed to handle 
as many different products as possible. 
An ideal solution would be a universal 
tank. Sometimes product moving in suf- 
ficient volume makes it possible to de- 
vote a particular tank to a particular 
service but this generally is not the 
case. A stainless steel tank costing $20,- 
000 or more will be kept moving as 
much as possible by proper cleaning and 
designing for multiple-product operation. 
This means, from a corrosion stand- 
point, that a relatively expensive mate- 
rial such as stainless steel may be se- 
lected because it is useful for a wider 
range of products. 

Some care must be exercised in shift- 
ing between products not only to be 
certain that none of the products will 
affect the tank or vice versa but also to 
prevent accidental chemical reaction be- 
tween even small residues of a former 
load and the current load. 

A few years ago two men who were 
cleaning a tank died after breathing 
fumes generated from a complex chem- 
ical reaction resulting from the effect of 
traces of oil from a prior trip which 
emulsified in combination with the alu- 
minum shell and the residue of a load 
of weed killer compound. 

The cleaning problem is complicated 
by the fact that the cleaning materials 
must not corrode the tank or have other 
harmful effects. For example, certain 
alkaline cleaners cannot be used in alu- 
minum tanks. Only a few years ago 


(Continued on Page 110) 
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Figure 6—Stainless steel steam-coiled wax tank. 
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tank owners learned that they should 
never use conventional steel wool to 
clean stainless steel tanks because steel 
particles imbedded themselves in the 
stainless steel and started corrosion 
cells. 

An ordinary muriatic acid tank is 
rubber-lined. The action of the muriatic 
acid on the rubber forms a surface coat- 
ing which prevents further deterioration 
of the rubber and prevents corrosion. 
In order to improve the use factor on 
these tanks some carriers were washing 
them with chemical sprays and then 
using them to transport other materials. 
They found, to their dismay, that this 
removed the modified surface layer of 
rubber and the next load of muriatic 
acid had to form another layer. After 
this was repeated a few times the rub- 
ber-linings were gone and the tanks re- 
quired major repairs. 


Cleanliness Is Essential 

A few illustrations of the need for 
meticulous cleanliness may point out 
why even minute amounts of corrosion 
products is important. Tanks assigned 
to transport transformer oil were turned 
down because a test with a 5 gallon 
washout by the shipper revealed a single 
small piece of thread from the rags used 
to wipe down the tank. Even the slight- 
est moisture on the walls of a tank is 
sufficient reason for a shipper to reject 
a tank for many products. 

In the light of these examples it is 
obvious why contamination from corro- 
sion is extremely important. A load of 
paint thrown off-color by corrosion may 
mean a loss of $10,000 and the loss of a 
load of penicillin by corrosion contam- 
ination may well run up to $100,000. It 
was serious to a carrier to the tune of 
$5000 last year—although somewhat 
amusing under the circumstances—when 
a load of maraschino cherries was 
spoiled because someone had failed to 
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efficiently remove residue of a cargo o! 
printer’s ink the tank had transportec 
earlier. 

The next approach is to coat the tank 
with paints, plastics, resins, wax, rubber. 
glass, etc., in any one of hundreds of 
forms or formulations. This has been 
done and is highly successful for certair 
products. Generally coatings are not 
good enough to protect against a wide 
range of products. Baked phenolics have 
been particularly good in some services 
but are high-priced. 

Experiments with tanks lined with 
Teflon and Kel-F show that while it 
is a very expensive solution the results 
may justify the cost because it is the 
closest approach presently known to a 
universal corrosion-proof material. Un- 
fortunately, these materials have failed 
because they cannot be kept stuck to 
the shell. This problem is being worked 
on in the hope of an early solution. 

The same corrosion problems are 
found in hoses, pumps, valves and other 
accessories as in the shells and they are 
being attacked in similar ways. One 
manufacturer has developed a Teflon- 
lined hose. He is making a market sur- 
vey of the tank truck field because the 
prospective price in the sizes used by 
tank truck carriers is about $20 per foot. 

The next approach to preventing cor- 
rosion is to clean the tank as soon as it 
is empty. There are available several 
excellent mechanical spray type and 
steam cleaners and several compounds 
which solve most of cleaning problems. 
This is not the final answer though be- 
cause in the first place, the tanks have 
to be constructed so as to be capable of 
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effective cleaning. Second, although it is 
‘ecognized that tanks should be cleaned 
mmediately after unloading, it often 
iappens the unloading point is hundreds 
f miles from the carrier’s nearest term- 
nal. ~ 


Special Problems 


The multiplicity of problems raised 
xy the operating conditions previously 
nentioned have been solved largely by 
he combined action of shippers, car- 
‘iers, tank truck manufacturers and the 
National Tank Truck Carriers, Inc. 
issociation. 

Some recent problems were: 

1. Wine—C an it be transported in alu- 
minum tanks? In general, white 
wines were particularly affected for 
several reasons, including the change 
of dissolved sulfur dioxide to hydro- 
gen sulfide. 


2. Hydrofluosilicic Acid—Can stainless 
steel be used instead of rubber-lined 
tanks? Even stainless manufacturers 
were not prone to give outright rec- 
ommendations because the corrosion 
rate depends to a large extent upon 
the care with which the tank is 
cleaned after being unloaded. So far, 
rubber-lined tanks are used for this 
commodity. 


3. Hydrogen Peroxide—What materials 
and designs should be used for high- 
strength hydrogen peroxide such as 
used in missiles? Specifications lim- 
iting designs to certain specified alu- 
minum alloys, with practically no 
copper content, have been drafted. 


4. Fertilizer Solutions—what types of 
tanks are suitable? The answers here 
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are not yet final because tests are 
still underway. In some cases stain- 
less steels of certain grades are 
needed while in other cases alumi- 
num of specific types is suitable also. 
The design also varies because of 
pressure considerations, the presence 
or absence of traces of sulfuric acid 
and ambient temperatures. There are 
so many types of fertilizer solutions 
and they change so often that car- 
riers are running a close race with 
obsolescence because a new fertilizer 
may corrode the carrier’s present 
tanks or rupture it from excess pres- 
sure. 


. Phosphorus Oxychloride—Is stain- 


less steel an adequate replacement 
for a nickel-lined tank? While the 
regulations do not presently author- 
ize stainless steels, a test vehicle is 
being operated to determine the an- 
swer to this question. In this connec- 
tion a clad stainless tank was investi- 
gated and it was determined that in 
the thicknesses tested, stainless clad 
should not be used. 


6. Jet Fuels and Aviation Gasoline— 


Can conventional steel tanks be used? 
Problems in handling these fuels for 
the military services arose out of 
requirements by some _ installations 
that such tanks should not be used 
for any product but gasoline or jet 
fuel. This resulted in corrosion of 
many tanks because the tanks were 
cleaned of oil films which prevented 
oxidation. 

In conventional service, carriers 
will carry a load of oil after carrying 
several loads of gasoline in order to 
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get an oil film on the tank which re- 
duces the rust problem. Many mili- 
tary installations have been requiring 
expensive stainless steel tanks, lined 
tanks, or aluminum tanks even though 
in many cases, the fuel is withdrawn 
from ordinary steel storage tanks 
and placed in similar tanks at the 
military base. Peculiarly, although 
two branches of the service wel- 
comed aluminum tanks, another 
branch, up to a few months ago, pro- 
hibited aluminum refuelers claiming 
that aluminum in contact with avia- 
tion fuels under certain conditions 
formed a gel. This branch subse- 
quently authorized aluminum. 


. T-1 Steel and Anhydrous Ammonia 


—The use of T-1 type steels for 
compressed gas tanks results in a 
saving of several thousand pounds. 
Because carriers generally estimate 
each pound saved is worth a dollar 
a year, the use of T-1 steel is eco- 
nomically attractive. Considerable re- 
luctance to use T-1 steel in anhy- 
drous ammonia service because of its 
copper content was—and is still to 
some extent—evident. Indications 
are, however, that proper fabrication 
and heat treating results in a tank 
which is not subject to corrosion. 





. Electrolytic Corrosion—Some corro- 


sion problems, especially from salt 
solutions on highways during the 
w nter, resulted from the use of steel 
undercarriages in combination with 
aluminum tanks. These problems 


have been overcome by proper de- 
sign and washing after exposure. 
(Continued on Page 112) 


You'll benefit 


Readily available to you are data on any specific alloy 
you’re interested in, or our Selecting and Buying 
Guide to your 45 master keys to cost-saving corrosion 
control. Contact our nearest office or authorized dis- 
or write direct to The Carpenter Steel 
Company, Alloy Tube Division, Union, N. J. 
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Some Corrosion Problems— 


(Continued From Page 111) 


Solutions to Corrosion Problems 

There are several methods of obtain- 
ing solutions to corrosion problems. The 
best and most obvious, but not neces- 
sarily the most economical solution is to 
use a material not affected by the com- 
modities to be carried. This is possible 
for many commodities but the most use- 
ful material at present, stainless steel, 
imposes a price penalty. 

Aluminum is good for many com- 


TECHNICAL 
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Corrosion in Oil and 
Gas Well Equipment 


T-1A Survey of Corrosion Control in Cali- 

fornia Pumping Wells. A Report of 
T-1A on Corrosion in Oil and Gas Well Equip- 
$50" Los Angeles Area. Pub. 54-7. Per Copy, 


TP-1 Report on Field Testing of 32 Alloys 

in the Flow Streams of Seven Con- 
densate Wells (Pub. 50-3) NACE members, 
$8; Non-members, $10 per Copy. 


T-1C Current Status of Corrosion Mitiga- 

tion Knowledge on Sweet Oil Wells. 
A Report of Technical Unit Committee T-1C 
on Sweet Oil Well Corrosion. Per Copy, $.50. 


T-1C Field Practices for Controling Wa- 

ter Dependent Sweet Oil Well Corro- 
sion. A Report of Technical Unit Committee 
T-1C on Sweet Oil Well Corrosion, Compiled 
by Task Group T-1C-1 on Field Practices. 
Pub. No. 56-3, Per Copy $1.00. 


T-1C Status of Downhole Corrosion in the 
East Texas Field—A Report of NACE 

Tech. Unit Committee T-1C on Sweet Oil Well 

Corrosion. Pub. 57-23, Per Copy $.50. 


T-1C Water Dependent Sweet Oil Well 

Corrosion Laboratory Studies—Re- 
ports of NACE Tech Unit Committee T-1C on 
Sweet Oil Well Corrosion. Pub, 57-24, Per 
Copy $.50. 


T-1C Theoretical Aspects of Corrosion in 

Low Water Producing Sweet Oil 
Wells—A Status Report of NACE Tech. Unit 
Committee T-1C Prepared by Task Group 
T-1C-4. Pub. 58-4, Per Copy ¥ 50° 


T-1C Experience With Sweet Oil Well 

Tubing Coated Internally With Plas- 
tic—A Status Report of Unit Committee T-1C 
on Sweet Oil Well Corrosion. Pub. 58-8, Per 
Copy $.50. 


TP-10 Sour Oil Well Corrosion, Corrosion 
August, 1952, issue, only at $2.00 
Per Copy. 


TP-1G Field Experience With Cracking of 

High Strength Steel in Sour Gas and 

Oil Wells. (Included in Symposium on Sulfide 

Stress Corrosion.) (Pub. 52-3) Available only 

= Oct. 1952 issue of Corrosion at $2.00 Per 
opy. 


T-1G Sulfide Corrosion Cracking of Oil 

Production Equipment. A Report of 
Technical Unit Committee T-1G on Sulfide 
Stress Corrosion Cracking. Pub. 54-5. Avail- 
able only in Nov. 1954 Issue of Corrosion at 
$2.00 Per Copy. 


T-1G Hydrogen Absorption, Embrittlement 

and Fracture of Steel. A Report on 
Sponsored Research on Hydrogen Sulfide 
Stress Corrosion Cracking Carried on at Yale 
University, Supervised by NACE Technical 
Unit Committee T-1G on Sulfide Stress Cor- 
rosion Cracking by W. D. Robertson and 
Arnold E. Schuetz. Pub. 57-17. Per copy $2. 


T-1J Status Report of NACE Technical 
Unit Committee T-1J on Oil Field 
Structural Plastics. Per Copy $1.00. 


modities and while it is at a price dis- 
advantage its weight saving features 
often overcomes the higher price. Mate- 
rials clad with stainless and nickel are 
no cheaper than solid stainless or nickel 
and often are high priced in the rela- 
tively thin gages used in tank trans- 
ports. 


Reference 
1. Annual Statistics, Class I Motor Carriers, 
Interstate Commerce Commission, Wash- 
ington, D. C. 
e 


CORROSION’s index appears in De- 


cember. 


T-1J Reports to Technical Unit Commit- 

tee T-1J on Oilfield Structural Plas- 
tics. Part 1, Loing-Term Creep of Pipe Ex- 
truded from Tenite Butyrate Plastics. Part 
2, Structural Behavior of Unplasticized Geon 
Polyviny! Chloride. Publication 55-7, Avail- 
able only in June, 1955 Issue of Corrosion at 
$2.00 Per Copy. 


T-1J Summary of Data on Use of Struc- 

tural Plastic Products in Oil Pro- 
duction. A Status Report of NACE Technical 
Unit Committee T-1J on Oilfield Structural 
Plastics. Available only in June, 1955 Issue of 
Corrosion at $2.00 Per Copy. 


T-1J Service Reports Given on Oil Field 

Plastic Pipe. Activities Report of 
T-1J on Oilfield Structural Plastics. Per 
Copy $.50. 


T-1J Oilfield Structural Plastics Test Data 
are given. Activities Report of T-1J 
on Oilfield Structural Plastics. Per Copy $.50. 


T-1J Reports to Technical Unit Commit- 

tee T-1J on Oil Field Structural 
Plastics. Part 1—The Long Term Strengths 
of Reinforced Plastics Determined by Creep 
Strengths. Part 2—Microscopic Examination 
as a Test Method for Reinforced Plastic Pipe. 
Per Copy $.50. 


T-1J Status Report of NACE Technical 

Unit Committee T-1J on Oil Field 
Structural Plastics. Part 1—Laboratory Test- 
ing of Glass-Plastic Laminates. Part 2— 
Service Experience of Glass Reinforced Plastic 
Tanks. Part 3—High Pressure Field Tests of 
Glass-Reinforced Plastic Pipe. Per Copy $.50. 


T-1) Service Experience of Glass Rein- 

forced Plastic Tanks—Status Re- 
port of NACE Technical Unit Committee 
T-1J on Oil Field Structural Plastics. Pub. 
57-18. Per Copy $.50. 


T-1J Experience with Oil Field Extruded 

Plastic Pipe in 1955—A Report of 
NACE Technical Unit Committee T-1J on 
Oil Field Structural Plastics, Pub. 57-19. 
Per Copy $.50. 


T-1K Proposed Standardized Laboratory 

Procedure for Screening Corrosion 
Inhibitors for Oil and Gas Wells. A Report 
of T-1K on Inhibitors for Oil and Gas Wells. 
Publication 55-2. Per Copy $.50. 


T-IM Suggested Coating Specifications 

for Hot Application of Coal Tar 
Enamel for Marine Environment. A Report of 
NACE Technical Unit Committee T-1M on 
Corrosion of Oil & Gas Well Producing 
Equipment in Offshore Installations. Publica- 
tion No. 57-8. Per Copy $.50. 


T-1M Suggested Painting Specifications 

for Marine Coatings. A Report of 
NACE Technical Unit Committee T-1M on 
Corrosion of Oil & Gas Well Producing Equip- 
ment in Offshore Installations. Publication 
No. 57-7. Per Copy $.50. 


Remittances must accompany ll orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas, Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 


ind Mexico. 
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3. CHARACTERISTIC 
CORROSION PHENOMENA 


3.5 Physical and 
Mechanical Effects 


3:5:6; 3.5:8; 6.2.15 

Porosity in Formed Titanium. R. A. 
Woop, D. N. WittraMs, H. R. OcpdEeNn 
AND R. I. JAFFEE. Titanium Metallurgical 
Laboratory, Battelle Memorial Insti- 
tute. U. S. Office of Assistant Secretary 
and Defense for Research and Develop- 
ment. May, 1957, 42 pp. Available from 
Office of Technical Services, U. S. Dept. 
of Commerce, Washington, D. C. (Or- 
der PB 121628) 

A new type of material failure called 
‘strain-induced porosity” has been 
found in parts formed of commercial- 
purity titanium. The phenomena was 
marked by surface pitting and internal 
voids formed in areas of the part which 
had been highly strained. A study of 
this phenomenon showed that deforma- 
tion temperature, amount of strain rate, 
state of stress and amount and kind of 
impurity could affect the degree of 
porosity. The same kind of porosity has 
been found to occur in many other 
metals and alloys and it is believed to 
be a normal part of the mechanism of 
deformation in ductile materials —OTS. 

15151 


‘ 


3.5.8, 6.2.5, 4.3.6 

Stress Corrosion in Austenitic Steel 
by Nitrates. O. Lissner. ASEA J., 30, 
No. 5, 85-91 (1957); Engrs’ Digest, 18, 
No. 12, 571-574 (1957) December. 

Gives an account of investigations 
carried out as result of fracture of an 
end bell from a turbo-generator set. 


Study was made of the cracks, their 
origin, depth, appearance, nature and 
development in the steel. Microscopic 
examination showed that cracks pro- 
gress in purely intergranular manner. 
Brittle fracture and fatigue tests showed 
that material had no great tendency to 
brittle fracture and did not yield espe- 
cially low fatigue-resistance values. 
Stress-corrosion tests in various chlo- 
ride reagents did not reproduce typical 
intergranular stress corrosion experience 
with the end bells. Stress-corrosion 
cracks were finally reproduced in solu- 
tion of 36% calcium nitrate and 3% 
ammonium nitrate; bending stress of 
19 tsi produced cracks in test sample 
from fractured end bell in 44 hours. 
Stress corrosion was shown to take 
place even in every dilute solutions of 
nitrate, Formation of nitrates could be 
attributed to corona phenomena and 
subsequent formation of ozone and oxi- 
dation of nitrogen. Precautions against 
stress corrosion include elimination of 
ventilating holes in end bells, use of 
stress relieving annealing, application of 
cathodic protection, e.g. varnish with 
high zine content, and frequent inspec- 
tion. New end-bell materials suggested 
by author include 12 chromium-12nickel- 
6 manganese-0.2 carbon steel and a 
nickel-free steel containing 12 chro- 
mium, 20-24 manganese and 0.08-0.20 
carbon.—INCO. 15343 


3.5.8, 7.1 

When Splines Need Stress Control. 
D. W. Duptrty. General Electric Co. 
Product Eng., 28, No. 25, 56-61 (1957) 
Dec. 23. 

Discusses various stresses to be con- 
sidered in designing to prevent spline 
failure, fretting corrosion as cause of 
wear and spline manufacturing proc- 
esses. Charts and formulas are given for 
computing shear stresses in spline shaft, 
shear stresses in spline teeth, compres- 
sive stresses in spline teeth, and burst- 
ing stresses in internal spline parts. 
Splines have an area contact instead of 
line contact like gears and suffer from 
fretting corrosion rather than pitting 
and scoring as gears do. Badly worn 
spline, 3 inches in diameter, may have 
as much as 3 teaspoons of rust-like 
sludge from fretting between teeth. In 
some successful spline applications on 
aircraft engines, flexible coupling—with- 
out lubrication—may wear at rate of 
0.010-inch in 1000 hours. In highspeed 
applications, over 10,000 rpm, fretting 
corrosion proceeds at 0.0001l-inch per 
hour.—INCO. 15281 


3.5.8, 8.10.3 

Fatigue in Mining and Construction 
Equipment. B. M. Hamirton. Paper be- 
fore Can. Inst. Mining & Met., Annual 
General Mtg., Ottawa, April, 1957. Can. 
Mining & Met. Bull., 50, No. 548, 717- 
724 (1957) Dec. 

Nature of work involved subjects 
mining and construction equipment to 
vibration, heavy loading and shock load- 
ing. Most detrimental condition, how- 
ever, is corrosion. Nature of operating 
stresses is reviewed and endurance limit 
is defined. S-N curves are shown for 
heat-treated SPS-245 steel (1.25 nickel- 
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0.40 carbon-0.75 manganese-0.60 chro- 
mium-0.15 molybdenum). Discussion of 
effect of surface condition on fatigue 
properties covers surface finish, threads, 
decarburization, prestressing, corrosion 
and fretting. Explanation of nature of 
occurrence of corrosion fatigue is given. 
Typical examples of fatigue failure are 
presented and include: Fatigue fracture 
of steering linkage sector shaft of SAE 
2340 due to heavy tool marks, corrosion 
fatigue in hollow drill steel due to aggra- 
vation by corrosive mine water and fret- 
ting fatigue in tapered bit end connec- 
tion of hollow drill steel—INCO. 
15295 


3.5.8, 6.4.2 

Fatigue Properties of Aluminum Al- 
loys. G. Forrest. Chapter from the book 
“The Fatigue of Metals,” edited by J. A. 
Pope. Sheet Metal Inds., 34, No. 367, 831- 
845 (1957) Nov. 

An account is given of the fatigue 
properties of aluminum alloys as shown 
by rotating beam or reversed flexure 
tests. The alloys are divided into groups 
and their properties related to their 
general mechanical and metallurgical 
characteristics, General comments are 
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made on notch sensitivity and the be- 
havior of some alloys with respect to 
notches is described. It is shown that 
material with a low yield stress may, 
under certain circumstances, give longer 
life than one with a high yield stress. 
The effect on fatigue behavior of in- 
ternal or residual stresses is described 
and it is shown that these stresses can 
have very large effects both by in- 
creasing or reducing the properties ac- 
cording to their direction. The effect of 
aluminum cladding is shown to reduce 
the fatigue properties of sheet material 
under certain circumstances but with 
high mean stresses or with very sharp 
stress concentrations, little effect is 
noted. Under corrosion fatigue, the fa- 
tigue strength of all the alloy is re- 
duced; the behavior does not appear to 
be related to their relative corrosion 
resistance (without fatigue). Finally, 
the fatigue properties are considered in 
relation to various “production” varia- 
bles. (auth.)—ALL. 15255 


35.8;6.3:6,.7.2 

Fatigue Properties of Brasses, 
Bronzes and Bearing Metals. J. W. 
CuTHBERTSON. Chapter of Book ‘“Fa- 
tigue of Metals”, edited by J. A. Pope, 
Chapman & Hall, Ltd. Metal Treatment 
- Drop Forging, 24, No. 138, 139, 89-92, 
159-161, 168 (1957) March, April. 
Form of fatigue curve and fatigue 
properties of copper-base alloys are 
considered, while greater part of article 
deals with fatigue properties of bearing 
metals. Table summarizes fatigue and 
tensile properties for 90/10 and 70/30 
Naval brass, Admiralty brass, 
95/5 bronze, manganese bronze alumi- 
num bronze, Monel, copper-beryllium 
and Superston bronze, Fatigue limit of 
50,800 psi for Superston bronze (9.73 
A1-4.97 nickel-5.42 iron-balance copper) 
is highest value for any material other 
than high-tensile steel. Service require- 
ments for bearings and mechanism of 
bearing failure are discussed with refer- 
ences to Babbitt metal. Chief alterna- 
tives to tin-base Babbitt are discussed; 
these include lead-base Babbitt, copper- 
lead alloys, aluminum-tin alloys, com- 
posite bearings (such as Durex made 
by sintering 85 Cu-15 nickel powder on 
steel backing) and electrodeposited sil- 
ver bearings.—INCO. 15245 


brasses, 


3.5.8,'5.5.3 

Fretting Corrosion as an Engineering 
Problem. K. H. R. Wricurt. Corrosion 
Prevention and Control, 4, No. 11, 37-44 

(1957) Nov. 

Description of characteristics and 
mechanism of fretting corrosion. Use 
of surface treatments and lubrication in 
reduction of fretting is discussed. Most 
suitable greases to use for lubricating a 
ball race subject to fretting conditions 
appear to be those which have a high 
shear susceptibility, thus enabling an 
oily phase, resulting from breakdown 
of gel structure of grease, to be avail- 
able on race itself. Relationship between 
fretting corrosion and fatigue is demon- 
strated with tests on aluminum alloy. 


Graphs, photos.—INCO. 15210 
3.5.8 
Corrosion Fatigue. T. D. \WEAvER 


Paper before Soc. Chem. Ind., Bristol 
Sec. Dec. 6, 1956, Chem. & Ind., No. 36, 
1190-1194 (1957) Sept. 7. 

Discusses definition of corrosion fa- 
tigue, effects of mechanical and chemi- 
cal notches, methods of testing, effect 
of test variables (test speed, tempera- 
ture, corrodent strength, oxygen con- 
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tent) on data, the mechanism of cor- 
rosion fatigue, corrosion-fatigue resist- 
ance of various materials and surface 
protection against corrosion fatigue. 
Tables show: Effect of temperature cor- 
rosion-fatigue resistance of mild steel; 
air and corrosion-fatigue resistance of 
bronzes, steels and stainless steels; ef- 
fect of various protective coatings on 
corrosion-fatigue-resistance of 3 steels; 
and effect of nickel and chromium plat- 
ing on air-fatigue properties of Armco 
iron, low-carbon steel, nickel-chromium 
steel, aluminum-copper-nickel alloy, cop- 
per-chromium alloy, medium-carbon 
steel, chromium steel, nickel-chromium 
steel, nitrided chromium-molybdenum 
steel, carburized nickel-chromium steel 
and Duralumin.—INCO. 15137 


3.5.9, 6.3.20, 6.3.9, 6.3.5 


“Exotic” Metals Look Good for To- 
morrow’s High Temperature Structures. 
I. STAMBLER. Aviation Age, 28, No. 3, 
42-47 (1957) Sept. 

The “exotic” metal of today is the 
workhorse material of tomorrow. Mo- 
lybdenum and niobium are now being 
studied intensively for the over 1600 F. 
temperature range. Main problem with 
niobium is oxidation resistance but since 
it doesn’t have a volatile oxide, there 
should be a better chance of stabilizing 
it than there is with molybdenum. Nio- 
bium should prove useful at tempera- 
tures 600-700 F above the optimum 
range of nickel base alloys. Niobium is 
also attractive because its density is 
about the same as that of nickel or co- 
balt. Proper use of alloying elements, 
such as zirconium, can reduce the oxi- 
dation rate. The only series that has 
shown good tensile properties over a 
wide range of compositions is vanad- 
ium-titanium. Another promising alloy 
class is vanadium-carbon. These alloys 
have only marginal ductility at room 
temperature, but at high temperatures 
they are capable of as much as 10% 
elongation. They can be forged, though 
with difficulty. Zirconium is the ninth 
most abundant metal in the world; it is 
rare only because extraction is difficult. 
Major advantage of zirconium is excel- 
lent corrosion resistance and it can be 
cast, rolled, forged, extruded and ma- 
chined. However, zirconium is’ very 
sensitive to the absorption of hydrogen 
and its hardness drops rapidly with 
heating, as do its mechanical properties. 
Tables, graphs.—INCO, 15055 


3.5.9, 6.3.16, 6.3.9 
A Survey of Metallic Materials for 
High-Temperature Service. J. T. Sracy. 
Battelle Memorial Inst. U. S. Atomic 
Energy Commission Pubn., BMI-T-1, 
April 10, 1948 (Declassified Feb. 20, 
1957), 38 pp. Available from Office of 
Technical Service, Washington, D. C. 
A brief review is given of materials 
for high-temperature service which cov- 
ers particularly the strengths of the 
various materials at elevated tempera- 
tures for service lives of one hundred 
or one thousand hours. Short discus- 
sions of a few high-temperature tests, 
types of high temperature alloys and the 
dependability and commercial avail- 
ability of some of these alloys are 
given. The usefulness of tungsten and 
molybdenum at high temperatures is 
considered. Various properties, such as 
corrosion resistance, weldability, ther- 
mal expansion and deformation are dis- 
cussed. Recommendations are made 
concerning alloys most suitable for serv- 
ice above 1500 F. (auth)—NSA. 
15068 
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New Techniques Solve Welding and 
Brazing Problems with PH Steels. F. K. 
Lampson. Marquardt Aircraft Co. SAE J., 
65, No. 13, 37-38 (1957) Dec. 

Discusses techniques being used to 
overcome following problems encountered 
in welding and brazing precipitation 
hardening steels: cracked welds and low 
weld ductility, oxidation of aluminum 
during welding process, crevice corro- 
sion of brazed joints and unsatisfactory 
bonds from normal brazing operations. 
References are made to 17-7PH, AM 
350, 355 and A-286.—INCO. 14984 


3:15 
Shielding Gases for Inert-Gas Weld- 
ing. W. H. HELMBRECHT AND G. W. OYLER. 


Linde Co. Paper before Am. Welding 
Soc., Nat’l. Fall Mtg., Cleveland, Oct. 
8-12, 1956. Welding J., 36, No. 10, 969- 


979 (1957) Oct. 

Discussion of shielding gases has in- 
cluded inert gases (argon and helium) as 
well as addition of active gases (hydro- 
gen, oxygen, nitrogen and carbon dioxide) 
to argon primarily. Arc characteristics, 
flow rate and weld quality obtained with 
each gas or gas mixture have been sum- 
marized for each metal (aluminum, mild 
steel, stainless steel, high temperature 
alloys, copper, nickel, nickel alloys, mag- 
nesium and titanium) and for each inert- 
gas process whether used with manual 
or mechanized operation. Graphs show 
effect of arc power on welding speed, 
effect on arc potential of adding hydro- 
gen to argon and to helium and arc volt- 
age-arc length curves for various gases, 
all pertaining to tungsten-arc welding of 
stainless steel. Cross-sections of butt 
welds and tube welds made in 16-gage 
stainless steels using various gases are 
shown. Table presents corrosion data for 
Type 347 welded with either 347 or 321 
electrodes. Recommended shielding gases 
for consumable electrode welding of 
nickel, Monel and Inconel are tabulated. 


—INCO. 14915 


3.7.3, 5.3.4 

Hot Pressure Bonding. S. SrorcuH- 
HEIM, Metal Progress, 72, No. 97-101 
(1957) July. 

A hot pressure bonding is useful in 
the cladding of a wide variety of metals 
for industrial purposes. Metallic pairs 
which normally form brittle and unus- 
able metallics at higher temperatures of 
fusion welding can be bonded with great 
strength and corrosion resistance even 
though these same brittle alloy zones 
appear in the microstructure. Since the 
pressure applied is hydrostatic, any of 
the strong intermetallics which form do 
not ordinarily develop microfractures. 
Considerable data have been acquired on 
the joining of aluminum and nickel by 
this technique. An experimental appa- 
ratus, which is a small scale replica of 
that used for production purposes, con- 
sists basically of a high-temperature die 
surrounded by an induction furnace, both 
placed in a water-cooled chamber which 
can be evacuated. Pressure is applied to 
the top of the chamber by a ram mov- 
ing through a Wilson seal. Temperature 
is measured by thermocouples located 
in the die and punch near the samples. 
The temperature itself is controlled by 
means of a variable transformer. Into 
the die is slipped a closely fitting round 
slug of aluminum, a disc of nickel of the 
same diameter and a second slug of alu- 
minum. Then the top part of the die 
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chamber is filled with a punch. The tank 
is evacuated to less than 5 microns and 
the desired compacting pressure put on 
the ram for the correct time. After re- 
versing the cycle the bonded slugs are 
removed and are ready for machining 
into test pieces. A number of bimetallic 
systems have been studied by this proc- 
ess based on aluminum with nickel, cop- 
per, iron and zirconium. From the results 
it is concluded that hot pressure bond- 
ing offers a quick, inexpensive repro- 
ducible high quality method for cladding 
one metal with another—ALL. 15064 


3.7.3, 5.3.4, 6.3.10 

The Onera Process of Skin Annealing 
in a Gaseous Atmosphere. P. GALMICHE. 
La Recherche Aeronautique, No. 59, 27-32 
(1957) July-August; Engrs.’ Digest, 18, 
No. 8, 345-347 (1957) Aug. 

Based on fact that corrosion crack- 
ing of high-temperature (turbine blade) 
nickel-chromium alloys of modified 80/20 
type, is assocated with local deficiency 
of chromium, new Onera skin-annealing 
process (which includes annealing cycle 
of rapid heating, holding at tempera- 
ture and rapid cooling), is performed in 
two ways. One is chromizing treatment 
producing very slight, uniform and con- 
trolled increase in chromium content of 
surface layers; and other, a_bright- 
annealing treatment which increases 
homogeneity of chromium in surface 
layer by removing, in form of volatile 
fluoride, some of titanium which is main 
cause of corrosion under action of com- 
bustion gases. Graphs show change in 
chemical composition of surface layers 
of Nimonic 95 as function of distance 
below surface (work of F. Malamand). 


—INCO. 14893 


3.7.8; 6:2:5 

Brazed Stainless Sandwich Spot- 
Welded. J. C. Herr, R. C. SmitH AND 
G. L. PETERMAN. Am. Machinist., 101, 
No. 1, 127-129 (1957). 

Stainless-steel honeycomb structures 
were brazed in an inert atmosphere at 
1450 F (790 C), using an 85:15 silver- 
manganese alloy. The brazing alloy had 
no detrimental effect on the strength or 


corrosion-resistance of the weld.—MA. 
14906 





3.7.4, 3.7.3, 6.3.15 

Investigation of Beta Phase “Recrys- 
tallization” in Titanium-3% Aluminum- 
5% Chromium Alloy. K. B. Litoyp ANp 
E. J. CHApin. Naval Research Lab. Nov., 
1957, 22 pp. Available from Office of 
Technical Services, U. S. Dept. of Com- 
merce, Washington 25, D. C. (Order: 
PB 131338). 

An important problem in the develop- 
ment of heat treatment procedures for 
improving properties of titanium alloys 
has been the accelerated grain growth 
which occurs when the metal is heated 
through the allotropic transformation. 
This study was conducted to explore 
the possibility of controlling the beta 
grain size during heat treatment of 
binary and ternary titanium alloys with 
aluminum and chromium and to deter- 
mine the resulting effects on mechanical 
properties. Among the results, it was 
observed that the binary titanium-alumi- 
num alloy compositions did not form 
networks of small beta grains when heat 
treated just below their transus. Absence 
of this characteristic prevented control 
of beta grain growth during heat treat- 
ment. Networks of small transformed 
beta grains were obtained in the micro- 
structures of both the binary titanium- 
chromium series and the ternary tita- 
nium alloy series. Chromium promoted 
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the formation of small beta grains at 
temperatures just below the transus in 
both binary and ternary alloys. In all 
samples, tensile properties were not 
affected by differences in either micro- 
structure or heat treatment.—OTS. 


14975 





3.8 Miscellaneous Principles 





3.8.4, 3.5.9, 6.3.5 

Oxidation of Niobium Between 375 
C and 700 C. Eart A. GULBRANSEN AND 
KENNETH F. ANDREW. Westinghouse Re- 
search Labs., Pittsburgh. J. Electrochem. 
Soc., 105, 4-9 (1958) Jan. 

Niobium has been found to oxidize in 
a complex manner. At 400 C and lower 
a slow rate of reaction is observed with 
the kinetics following the parabolic rate 
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law. At a weight gain of 55 to 70 » g/cm’ 
a transition in the kinetics occurs to a 
nearly linear rate law. Between 550 and 
625 C the oxidation rate is nearly con- 
stant as a function of temperature, while 
above 625 C the oxidation rate again 
increases with the temperature. The ad- 
herence of the oxide is poor above the 
transition point. (auth.)—NSA. = 15165 


3.8.4, 4.3.2, 6.3.6, 6.2.2, 6.3.8 

Dissolution of Copper, Iron, and Lead 
in Nitric Acid. Part I. A. G. LosHKAREV. 
Zhurnal Prikladnoi Khimi (J. Applied 
Chem.) USSR., 30, No. 10, 1558-1564 
(1957). Available from Associated Tech- 
nical Services, P. O. Box 271, East 
Orange, New Jersey. 

Rate of dissolution in 2.60-13.0 N 
nitric acid at 17-37° is found limited by 
rate of solvent diffusion to the surface 
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of Cleaning and Priming on Pipelines 
all Over the World... 


@ Line-Traveling or Stationary 
Yard and Railhead Types 
@ Counter-Rotating Heads to 
Eliminate Torque Strain 
on Cradles 


Perrault cleaning and Priming 
machines are available for pipe 
sizes from 2” through 36”. Model 
ER features counter-rotating 
heads for cleaning large diameter 
pipe with any combination of 
cutters, knives and brushes from 
both directions at once. Years of 
experience in serving the pipe- 
line industry have proved Per- 
rault cleaning and priming ma- 
Let us prove them to 
you with a demonstration. Just 


chines. 


call LUther 5-1103 in Tulsa. 









EVERY THING FOR 
THE PIPELINER! 


Line Traveling and Stationary 
Coating and Wrapping Ma- 
chines, Cleaning and Prim- 
ing Machines, Pneumatic 
Clamps. Perrault - American 
Tar-Heating Kettles, Patch- 
pots, Burners, parts and ac- 
cessories. Esco Digging Teeth 
Pipe Protection Materials — 
Kraft, Asbestos Felt, Glass 
Wrap and Rock Shield. Gen- 
eral Supplies—Hooks, Blocks, 
Line-Up Clamps, Sling Belts, 
Cradles, Hand Tools, mater- 
ials, supplies and equipment 
of every sort . . . Everything 
for the Pipeliner. 
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For Chemical Process Industries 


CUZERNE 


CHECK LIST 


Of Complete Corrosion - Resistant 
Materials, Equipment and Services 


[Y PVC & OTHER CUSTOM 
MOLDED PLASTICS 





Specializing in intricate, heavy parts; metal inseris 
molded in. 


(V{ HARD RUBBER, CUSTOM MOLDED 





New uses, new compounds of this reliable chemical 
resistant material. 


Yj PVC FABRICATIONS & ROLL 
COVERING 


Unlimited applica- 
tions and versatility 
for this fine plastic 
—rigid polyvinyl 
chloride. 








Complicated castings, also pipe, fittings and tanks 
lined to specification. 


[77 HARD RUBBER PUMPS 





New mechanical seal eliminates usual packing 
troubles. 


(Y PVC & HARD RUBBER 
PIPE, FITTINGS & VALVES 


bela 


se 


Write for complete information or contact 
our sales representative nearest you. 


PVC sizes 4” 
2”, ' Sempanetute rd 
140° F. Hard rubber 
sizes 1%4"' to 8’, tem- 
perature to 225° F 
in heat- resistant 
Buna-N. 






For ready reference look us up 
in Chemical Engineering Catalog 


The LUZERNE RUBBER CO. 


300 Muirhead Avenue Trenton, N. J. 
Sales Representatives 

ALBERT J. COX CO. R. C. FOLTZ CO. 

Chicago, Ill. Houston, Texas 
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of the metal. 1 table, 7 figures, 10 refer- 


ences.—ATS. 


3.8.4, 6.2.2, 4.3.2 

Kinetics of the Dissolution of Iron in 
an Acid Medium. Pt. I. Action of Ad- 
sorbed Hydrogen. (In Italian.) Liliana 
Felloni and Giampaolo Bolognesi. An- 
nali di Chimica, 47, 985-995 (1957) Sept. 

Dissolution tests in hydrochloric acid 
at 25 C were conducted on samples of 
Armco iron of various thickness-area 
ratios. It appears, from analysis of the 
results, that the reaction consisting of 
combination of hydrogen atoms takes 
place at active points on the metal sur- 
faces. The process of absorption, which 
occurs at different points, after achieve- 
ment of a dynamic equilibrium inside 
the metal, appears to influence the total 
process of dissolution of iron and evolu- 
tion of hydrogen either as a result of 
polarization, through attainment of a 
certain maximum speed of diffusion, or 
as a result of a change, caused by ab- 
sorption in the crystal lattice. 17 refer- 
ences.—MR. 15251 


15350 


4. CORROSIVE ENVIRONMENTS 


4.3 Chemicals, Inorganic 


4.3.2, 6.2.3, 6.2.5 

The Corrosion of Steels by Hydro- 
chloric Acid in the Spheroidal State. 
Ku. L. TsEITLIn AND S. M. BABITSKAYA. 
Zhurnal Prikladnoi Khimi (J. Applied 
Chem.) USSR, 31, No. 1, 84-89 (1958). 
Available from Associated Technical 
services, inc. ©. 0. Box 271, (Bast 
Orange, New Jersey. 

Action of hydrochloric acid droplets 
separated by a hydrochloric acid-water 
film from the base metal (carbon & 
stainless steels) was studied at 200-500 
C. 2 tables; 1 figure; 6 references.— 
ATS. 15250 


4.3.5, 3.8.4 

The Reduction of Oxide Films by 
Atomic Hydrogen. M. R. Piccorr. Impe- 
rial College, London. Acta Crystallo- 
graphica, 10, 364-368 (1957) May. 

The reactions of atomic hydrogen with 
thin films of oxides of copper, iron, lead 
and nickel were investigated, using elec- 
tron diffraction to determine the crys- 
talline state and composition of the film 
before and after the action of the atomic 
hydrogen. No reduction was observed 
in the case of iron and nickel oxides, 
while complete reduction was observed 
with the copper and lead oxides investi- 
gated. The crystalline state of the metal 
after reduction was found to depend on 
the concentration of the atomic hydro- 
gen, i.e, upon the speed of the reaction. 
(auth.)—NSA. 15000 


4.3.7 

Corrosion of Metals by Hydrogen Sul- 
fide at High Temperature. (In Russian.) 
Ku. L. Tserttin, L. V. MerZzLOUKHOVA 
AND V. A. STRUNKIN. Zhurnal Prikladnot 
Khimii, 30, No. 10, 1553-1558 (1957) 
Oct: 

Corrosion stability of metals subjected 
to the action of hydrogen sulfide and its 
mixtures with water, steam and nitrogen 
at various concentrations.—BTR. 15104 





4.4 Chemicals, Organic 





4.4.5, 8.4.3 
Effect of Oil Field Use of Chlorinated 
Solvents on Catalytic Reforming. J. A. 


NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


Vol. 14 








GUTHRIE AND P. S. Hepp. Sun Oil Co. 
Refining Engr., 29, No. 13, C-40, C-44 
(1957) Dec. 

Use of chlorinated solvents in oil fields 
has led to serious catalyst deactivation 
and equipment corrosion problems in 
catalytic reformers. Type and magni- 
tude of troubles encountered due to 
chloride contaminated feed are outlined. 
Once organic chlorides are converted to 
hydrochloric acid in the reformer it is 
possible for hydrochloric acid to pass 
through a variety of refining equipment 
and to cause extensive corrosion with 
accompanying rapid equipment failure, 
particularly where moisture is present 
Greatest assurance of compatibility with 
refining operations can be obtained by 
using additives or solvents containing 
only hydrocarbons. Graphs.—INCO. 

15274 
4.4.8 


The Corrosion Effects of Protein-Type 
Foam-Forming Concentrates on Com- 
mon Metals and Dissimilar Metal 
Couples. H. B. Peterson anp J. C. Bur- 
nett. U. S. Naval Research Laboratory, 
June, 1957, 22 pp. Available from Office 
of Technical Services, U. S. Dept. of 
Commerce, Washington 25, D.C: €Order 
PB 131018). 

This study was concerned with the 
corrosion effects of four protein-type 
foam concentrate materials currently 
used for fire-fighting on common con- 
struction metals. Stainless steel 304 was 
most resistant and brass, copper, steel 
and aluminum followed in that order of 
descreasing resistance. Effects on gal- 
vanic couples were also studied. Alumi- 
num was anodic to all metals except 
zinc and magnesium. Steady-state elec- 
trical current measurements were good 
indicators of relative intensity of cor- 


rosion.—OTS. 15023 


4.4.10 

The Behavior of Materials in the 
oer of Formaldehyde. (In Ger- 
man.) E. Lignau. Werkstoffe u. Korro- 
ston, 8, 480-487 (1957) Aug.-Sept. 

Properties, production and applica- 
tions for formaldehyde. Literature re- 
view is given of action and reaction of 
formaldehyde on and to aluminum and 
aluminum alloys, carbon and alloy steels, 
non-ferrous metals and alloys, inorganic 
materials, and synthetic materials. Sup- 
porting data are included on nickel, 
nickel-copper alloys, Types 302, 304, 316, 
317, 347, Durimet T, Worthite, Monel, 
Inconel and Hastelloy C—INCO. 14978 


5. PREVENTIVE MEASURES 





5.3 Metallic Coatings 





5.3.4 

Electroplating from the Pyrophosphate 
Bath. Pt. 1. Electrodeposition of Single 
Metals. T. L. Rama Cuar. Electroplating 
& Metal Finishing, 10, No. 11, 347-349 
(1957) Nov. 

Investigations carried out in author’s 
laboratory have shown that tin, copper, 
zinc, nickel and lead can be satisfac- 
torily plated from pyrophosphate solu- 
tions; optimum plating conditions are 
listed for each case. Preliminary work 
indicates that bath may also be useful 
for electrodeposition of cobalt and iron. 
Results are summarized with respect to 
addition agents, polarization and anodes. 
Advantages of pyrophosphate solutions 
over conventional baths are given. 29 
references.—I NCO. 15036 
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5.3.4 

The Physical Properties of Electro- 
deposited Metals. T. E. Sucu. Metal- 
urgia, 56, Nos. 334, 335; 61-66, 121-124 
1957) Aug., Sept. _ 

Importance of mechanical properties 
of electrodeposit in wear resistance, 
fatigue resistance, forming and drawing, 
electroforming, corrosion resistance, and 
polishing is discussed. Most critical 
properties of plated metals are tensile 
strength, ductility, hardness, and inter- 
nal stress. Influence of codeposited ma- 
terials (metallic or non-metallic), prob- 
lem of hydrogen embrittlement, phe- 
nomenon of internal stress and effect of 
basis metal on mechanical properties are 
considered. Influence of both solution 
composition and operating conditions on 
properties of chromium, copper, nickel 
and zinc are considered in detail. Meth- 
ods available for determining tensile 
strength, ductility, hardness and internal 
stress are discussed. Many references 
are made to nickel plating, and data for 
nickel plate are presented in numerous 
tables and graphs. 30 references.— 
INCO. 15069 


5.3.4, 6.2.2 

Hot Dip Aluminizing Widens Cast 
Iron Uses. J. D. Sprowt ann G, E. 
SPEICHER. Kaiser Aluminum & Chemical 
Corp. Iron Age, 180, No. 6, 87 (1957) 
Aug. 8. 

An aluminum coating applied by a 
simple new hot-dipping process makes 
cast iron much more resistant to heat 
and corros‘on. This increased protection 
will permit use of less costly gray and 
malleable irons in applications currently 
limited to highly alloyed types. Applica- 
tion of coating is following by heat 
treatment at 1700 F. During this treat- 
ment aluminum diffuses completely into 
the iron and produces a coating com- 
posed entirely of iron-aluminum alloy. 
This heat resistant coating protects cast 
iron indefinitely from scaling in sulfur- 
ous and other environments at tempera- 
tures up to 1400 F. Photomicrograph.— 
INCO. 15105 


5.34, 7 

Aluminum-Sheathed Power and Tele- 
phone Cables. FriepricH OTTEN. Z. Metal- 
lkunde, 48, No. 5, 245-249 (1957). 

A general review: Methods of sheath- 
ing; corrosion-resistance and its en- 
hancement by the external application 
of bitumen, rubber and PVC coatings, 
physical and mechanical properties; 
electrical characteristics; laying and 
jointing; technical and economic advan- 
tages over lead-sheathed cables, 22 ref- 
erences.—MA. 15026 


5.34, c.2.4 

Vacuum Deposition Avoids Embrittle- 
ment, V. Dress. Lockheed Aircraft Corp. 
Iron Age, 180, No. 25, 142-145 (1957) 
Dec. 19. 

There is no danger of hydrogen em- 
brittlement when steel parts are cad- 
mium plated by vacuum deposition. 
Moreover, cadmium coatings applied in 
this way can meet all military specifi- 
cations for adherence, corrosion resist- 
ance and other key properties. Using 
standard vacuum chambers and pumps, 
cadmium deposits 0.0003-0.0005-inch 
thick can be maintained uniformly and 
thicker coatings can be had if desired. 
Throwing power of process is excellent, 
yielding almost completely uniform lay- 
ers on high spots and recessed areas 
alike. Photos, photomicrograph.—INCO. 

15211 
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5.3.4, 6.3.17, 4.6.2 
Development and Properties of Ura- 
nium-Base Alloys Corrosion Resistant 
in High Temperature Water. Part II. 
Alloys with Protective Cladding. 
I. CoHen, R. K. McGeary, W. A. Bos- 
TROM AND R. A. Wotre—I. COHEN AND 
E. L. Losco, Editors. Westinghouse Elec- 
tric Corp. U. S. Atomic Energy Com- 
mission Pubn., WAPD-127 (Pt. II), 
Sept. 7, 1955 (Declassified Sept. 24, 
1957), 159 pp. Available from Office of 
Technical Services, Washington, D. C. 
Several gamma phase uranium-molyb- 
denum and uranium-niobium alloys and 
one epsilon phase uranium-silicon alloy, 
which had been shown to have good 


Quoth Sir Galva-Knight: 
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corrosion resistance in high temperature 
water and steam when tested in the bare 
condition, were selected for study of 
their corrosion behavior when clad with 
Zircaloy-2 by extrusion, Simulated rod- 
shaped fuel elements from the extrusions 
were used to investigate the corrosion 
resistance of the fuel alloy and the 
mechanism of failure as affected by the 
presence of the bonded cladding. Corro- 
sion life tests were performed on these 
samples, and detailed results are given. 
An investigation was also made to de- 
termine the major factors responsible 
for variations in corrosion life and re- 
sults indicate that these are pimpling of 
the cladding at the site of the defect 
caused by a localized build-up of oxide 
at the base of the defect, discontinuous 
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Metallizing joins with hot-dip 
galvanizing in preventing cor- 
rosion. The Nowery J. Smith 
Company, already the South’s 
largest commercial hot-dip gal- 
vanizing concern, now offers a 
complete, expert metallizing 
service as well. This means that 
units too massive for hot-dipping 
can be provided with a tough 
armor-coating of zinc or alumi- 
num and these applications can 
be performed in the shop, in the 
field—even on offshore location! 


METCO* System Protective Coatings Applied in Accordance with 
Specifications issued by Metallizing Engineering Company, Inc. 
Write today for descriptive literature and specifications on 
metallizing ...or call UN-9-1425, Houston. 


*Trade name, Metallizing Engineering Co., Inc, 


Nowery F- 


C th axe of he SMITH ,, 


COMPANY om 


» 





Commercial Galvanizing 
Pickling, Oiling, Metallizing, Sandblasting, 
Prime coating, and/ or painting. 


8000 Hempstead Hwy., P. O. Box 7398, UNderwood 9-1425, Houston 8, Texas 
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cracking of the fuel in Y phase core 
alloys with subsequent rapid corrosion 
of the fuel and rupture of the cladding, 
and formation of corrodible core-clad 
inter-diffusion layers. Heat treatment 
after extrusion and its effect on the cor- 
rosion was investigated. A study was 
also made of the interdiffusion of core 
and cladding. The effects of other vari- 
ables, such as cold drawing, size of clad- 
ding defects, cladding thickness and end 
plug design on corrosion behavior were 
investigated.— NSA. 15227 


5.3.4, 6.3.17 

Vapor Deposited Zirconium on Ura- 
nium. Carrot F. Powe Lt, Rosert P. 
Jones, FLteet T. Grrop AND Ivon E, CAamp- 
BELL. Battelle Memorial Inst. U:; ‘S. 
Atomic Energy Commission Pubn., 
BMI-1018, July 20, 1955 (Declassified 
Feb. 14, 1957), 30 pp. Available from 
Office of Technical Services, Washing- 
ton, D.C. 

Low-carbon uranium was given pro- 
tective coatings by packing the specimen 
in zirconium and subjecting it to iodine 
vapor at 0.5 to 15 mm mercury pressure 
at 1050 C. The most protective of the 
coatings was obtained with a 24 hr. 
treatment, giving coatings 3 to 13 mils 
in thickness, Good coatings were formed 
only at 1000 C or above. Coating com- 
positions fell in the range UZroe7-s. The 
protection afforded by these coatings in 
100 C water was highly variable, with 
exposure periods ranging from 200 to 
600 hr., averaging 300 hours, before ac- 
celerated corrosion occurred. Higher 
carbon uranium (0.04 to 0.05 wt.% car- 
bon) zirconized readily only when pre- 
alloyed with 1 wt.% of zirconium. Coat- 
ing periods from 3 to 6 hr. gave good 
coatings only on specimens alloyed with 
0.35 at.% chromium or 1 wt.@% zir- 
conium. Such specimens consistently 
showed low corrosion rates [0.001 to 
0.016 mg/(cm’*)(hr)] over 300 to 500 hr. 
periods, Coated specimens had a coarse 
grain structure and this was not refined 
in the few instances where coated speci- 


mens were heat treated. The minimum 
corrosion rate exhibited by pack-zirco 
nized coatings was about 0.0003 meg/ 


(cm’*)(hr). General intergranular pene- 
tration of the coating by water vapor 
appeared to set the maximum low-cor- 
rosion period obtainable with a 10-mil- 
thick pack-zirconized coating at around 
2000 to 3000 hr. (auth.)—NSA. 15383 


5.3.4, 6.2.2 


Spray Galvanizing as a Means of Rust 
Protection on Iron Poles. (In German.) 


Ernst Zamzow. Elektrotechnische Zeit- 
schrift, 9, Ausgabe B, 359-361 (1957) 
Sept. 


After sandblast cleaning of iron parts, 
a 0.1-mm-thick zine layer is sprayed on. 
Any weak spots that may develop dur- 
ing the following few weeks are treated 
with zine paste. Then the poles are 
painted twice with a paint which should 
be free of lead and acid.—BTR., 15177 


5.3.4 


The Behavior of Materials During 
Electroplating. I. H. Herete. Metallober- 
flache, 11. 368-370 (1957) Nov. 

Investigation of behavior of brass dur- 
ing silver, nickel, or nickel and chro- 
mium plating and of steel during hard 
chromium plating, to elucidate observa- 
tions made in works practice. Study was 
made of lead segregation in the &-matrix 
of brass sheet and of B-phase and their 
effect on bright chromium plating in- 
volving nickel underlay.—INCO. 15307 
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5.3.4 
Zinc as a Corrosion Protector and Its 
Use on Finished Products. (In German.) 


H. Peters. Metall, 11, No. 8, 670-672 
(1957) Aug. 
The author reviews the uses of zinc, 


with particular reference to its applica- 
tion as a corrosion protector for iron 
and steel. Hot dip galvanizing is said to 
be the most economical method of pro- 
tecting ferrous metals. Where this proc- 
ess cannot be used, sherardizing is most 
suitable for small articles such as nails, 
screws, etc., but zinc plating is preferred 
where precision is necessary. Zinc spray- 
ing is recommended for large parts such 
as bridges and ships.—ZDA. 15391 


5.3.4, 6.3.17 

Research on Corrosion Resistant Coat- 
ings for Uranium. Interim Report Cov- 
ering the Period of February 1952 to 
February 1953. C. E. Lacy, A. P. BEarp, 


C. J. Beck, W. D. Davis, W. L. Ross Anpb 
G. E. GALontaAn. Knolls Atomic Power 
Lab. U. S. Atomic Energy Commission 
Pubn., KAPL-952 (Del.), Declassified 
with Deletions Feb. 26, 1957, 65 pp. 


Available from Office of Technical Serv- 
ices, Washington, D. C. 

A general survey was made of pos- 
sible techniques for applying a bonded, 
protective coating to uranium using a 
boiling water test to evaluate the coat- 
ing quality. Of the techniques studied 
the most promising methods for apply- 
ing such a coating were electroplating 
with nickel, vapor plating with zirco- 
nium, evaporation of chromium and ex- 
trusion cladding with zirconium. (auth.) 
—NSA. 15348 


5.3.4 

New Plating Process for Corrosion 
and Wear Resistance. /ndustrial Finish- 
ing, 9, 921-926 (1957) Nov. 

Chemical process (Kanigen) deposits 
a hard, uniform, nonporous and highly 


corrosion and wear resistant nickel- 
phosphorus alloy with a number of un- 
usual properties.—MR. 15326 


5.3.4, 6.3.17 

Protection of were Vapor-Depos- 
ited a. I. E. CAMPBELL, E. M 
SHERWOOD, C. F. P. OWELL AND R. P. JONEs. 
Battelle Siciatta’ Inst. U. S. Atomic 
Energy Commission Pubn., BMI-887, 
Nov. 24, 1953 (Declassified Feb. 25, 
1957), 20 pp. Available from Office of 
Technical Services, Washington, D. C. 

The most satisfactory vapor-deposited 
coatings on uranium were obtained by 
a displacement-diffusion process similar 
to pack chromizing, employing the 
vapors of the lower zirconium iodides. 
Coatings of zirconium-uranium alloy up 
to 5.9 mils thick were obtained during 
a 24-hr treatment at 1050 C. These coat- 
ings, of undetermined composition, were 
adherent, non-porous and exhibited cor- 
rosion rates in boiling water of the order 
of 0.001 to 0.006 mg/cm? hr, The aver- 
age life of the coatings in boiling water 
is about 500 hours. Chromium was de- 
posited on uranium by thermal decom- 
position of Crl. vapor. Niobium was 
deposited by hydrogen reduction of nio- 
bium chloride vapor at reduced pressure. 
Molybdenum was deposited by thermal 
decomposition of molybdenum carbonyl. 
Zirconium was deposited by thermal de- 
composition of, or displacement from, 
zirconium tetraiodide vapor by dispro- 
portionation of the vapors of lower zir- 


conium iodides (ZrIl, + ZrlIs) and by 
reduction of the lower zirconium iodides 
with magnesium and zine vapors. This 


latter group of coatings was unsatisfac- 








tory because of porosity, poor adhesion, 
or the presence of the underlying sat 
deposits. (auth.)—NSA. 152¢1 


5.3.4, 8.9.2, 6.2.5, 6.4.2 

New Plating Methods Offer Improve 
Decorative Parts. H. MAHLsTepr. Metil 
and Thermit Corp. Automotive Inds., 11°, 
No. 11, 65, 114 (1957) Dec. 1. 

Two new metals which have receive. 
much attention for auto trim parts ar? 
stainless steel and aluminum. Stainless 
steel parts are chromium-plated t» 
match color of plated die castings an: 
to keep stainless itself from tarnishing 
Method of bright anodizing aluminun 
alloys has been announced but these d: 
not have same color as chromium-plate: 
parts. Among most promising develoy 
ments is bright crack-free chromiun 
plating; corrosion resistance increase 
with thickness of plate until optimun 
of 100 millionths of an inch is obtained 
Progress in developing plating corrosion 
tests resulted in acetic acid salt spray, 
accelerated acetic acid salt. spray and 
Corrodkote tests; review is given.— 
INCO. 15361 





5.4 Non-Metallic Coatings 
and Paints 





5.4.2 

Ceramic Coatings Raise Heat Resist- 
ance of Super-Alloys. P. A. Huppert. 
Gulton Industries, Inc. Iron Age, 180, 
No, 20, 157-159 (1957) Nov. 14. 

Ceramics available today offer heat- 
corrosion resistance in 2000-2500 F 
range; indications are that they can be 
compounded to go a good bit higher. 
New refractory materials such as boron 
nitride and special fluxes (lithium com- 
pounds) make it possible to apply thin 
ceramic coatings that will even improve 
high temperature properties of super- 
alloys. Tables list physical, mechanical 
and electrical properties of boron nitride, 
lithium compounds and lithium salts 
available, properties of lithium com- 
pounds in so-called ceramic family and 
compositions of complex lithium com- 
pounds.—INCO. 4919 


5.4.2, 4.3.3 

Some Experiments in Comparing the 
Resistance of Enamels to Corrosion by 
Alkaline Solutions. H. B. Kirkpatrick, 
FE. L. McGanpy AND J. C. RICHMOND. 
Paper before Am. Ceramic Soc., 55th 
Ann. Mtg., New York, April 27, 1953 
(Revised June 1957). J. Am. Ceramic 
Soc., 40, No. 11, 389-395 (1957) Nov. 

Describes investigation of corrosion of 
enamel surfaces by alkaline aqueous 
solutions, with immediate objective of 
contributing to establishment of stand- 
ard test apparatus. Experiments are de- 
scribed which show effects of solution 
temperature, concentration, container 
material and specimen position on rate 
of dissolution of titania- opacified sheet- 
steel enamel and cast-iron enamels. Re- 
sults indicate that in designing apparatus 
to measure corrosion rates, solution tem- 
perature should be controlled to at least 
+ O.1 C, that no glass parts of appa- 
ratus be exposed to alkaline solution and 
hat in absence of stirring, consider ra- 
tion be given to positioning of speci- 
mens. Apparatus consists of stainless 
steel beaker and lid fitted with immer- 
sion heater, stirrer, reflux condenser and 
wells for thermometer and thermo-regu- 
lator. Specimens are placed in small 
holders vertically around walls of beaker, 
exposing only 1 side to solution. All 
parts in contact with solution are Type 
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304; immersion heater is chromium- 
plated copper. In case of cast-iron speci- 
mens, areas of exposed iron were nickel- 
plated to prevent rusting. Weight-loss 


and silica-loss data are shown in tables 
and graphs.—INCO. 15344 


5.4.3, 6.2.5 

How to Select Chrome- oa Steels 
for Ball and Rod Mill Liners. T. E. Nor- 
MAN. Climax Molybdenum ce Eng. 
Mining J., 158, No. 7, 102-106 (1957) 
July. 

Covers properties, fields of application 
and comparative wear resistance of 
chrome-moly liner steels. Steels are 
classified as pearlitic and martensitic. 
Fabrication and heat treatment are dis- 
cussed. Resistance to plastic flow is con- 
sidered. Peening action on wearing face 
of chromium-molybdenum steel grate 


POSITIONS WANTED 
and 


AVAILABLE 


@ Active and Junior NACE members and 


companies seeking salaried employees 
may run without charge two consecutive 
advertisements annually under this head- 
ing, not over 35 words set in 8 point 
text type. 


Advertisements to other specifications 
will be charged for at $10 a column inch. 





Positions Wanted 





Engineer—8 years’ experience in Ca- 
thodic protection and gas distribution. 
Prefer South or Southwest. Willing to 
relocate. CORROSION, Box 58-15. 


Protective Coatings Sales and Service 
Engineer—Twelve years’ active sales 
and laboratory experience. Good follow- 
ing in industry, consulting engineers, 
and the petroleum field. Prefer western 
Pennsylvania and western New York 
areas. Married, age 40. CORROSION, 
Box-58-18 


Senior Corrosion engineer available 
early '59. 10 years’ experience England, 
Continent & Venezuela in refinery, 
chemical plant and cathodic protection 
of all types including design of major 
offshore protection projects. CORRO- 
SION, Box 58—19. 





Positions Available 


Corrosion Engineer experienced in ca- 
thodic protection design and_installa- 
tion. CORROSION, Box 58 - 16. 
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able with a highly regarded, major 
Eastern engineering company. These 
positions require Electrical Engineer- | 
ing graduates with 5-10 years experi- | 
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ete. 

These positions offer ample oppor- 
tunity for professional growth and per- 
sonal achievement. Considerable travel 
| within the USA with possibilities of 
| Some overseas work. We invite you to 
investigate these opportunities by for- 
warding a complete confidential resume. 


CORROSION, Box 58-17 
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bars prevents plugging by worn balls in 
grate ball mill. Suggestions are given to 
serve as guide in selection of material 
for mill liners and in testing program. 
Table gives relative wear rates of vari- 
ous liner materials when tested as 5-in 
grinding balls in ball mill at Climax. 
Table includes martensitic high-chro- 
mium-molybdenum white irons, marten- 
sitic high-carbon chromium-molybdenum 
steels, martensitic 4 nickel-chromium 
white iron, pearlitic high-carbon chro- 
mium-molybdenum steel and austenitic 
(Hadfield) manganese steel. The nickel- 
chromium iron is used quite successfully 
in many mills in spite of its low tough- 


ness.—INCO 15011 


5.4.5, 8.9.3 

Three Kinds of Pipe Protection are 
Being Applied on NGP’s Major Project. 
P. Reep. Oil & Gas J., 55, No. 49, 98-100 
(1957) Dec. 9; ibid., No. 50, 134, 136, 
138 (1957) Dec. 16; ibid., No. 52, 223- 
224, 227 (1957) Dec. 30; i 56, No. 2, 
117-118, 120 (1958) Jan. 

An interesting and a com- 
parison of established and new pipe- 
protection materials can be found on 
Natural Gas Pipeline Co. of America’s 
350 mile main line from Bridgeport, 
Texas, across Southern Oklahoma to 
Fritch, Texas, coal tar, asphalt and plas- 
tic tape are being applied on different 
sections. It was found necessary to have 
all asphalt-coated pipe wrapped with 
kraft paper to hold coating to pipe and 
prevent sagging in warm weather. Both 
coal-tar and asphalt coatings are wrapped 
with glass mat which is embedded as 
near center of hot coating as practicable. 
Cold plastic paint was applied at ap- 
proaches to overhead stream crossings, 
at some valve and at some short places 
on pipe. Photos-_INCO. 15043 


5.4.5 

Are Lead Pigments Unnecessary in 
Anticorrosive Paints? H. Hesperia. 
Werkstoffe u. Korrosion, 8, No. 6, 345 
(1957). 

The unique properties of red lead, 
viz., its special activity at weak points 
in the primer film and its independence 
of the nature of the medium for mainte- 
nance of eletrochemical protective ac- 
tion are the subject of comment.—RPI. 

15308 


5.4.5, 6.4.2 

Protective Varnishing (Aluminium 
and Aluminium Alloys). (In French.) 
JeEAN-JACQUES MEYNIS DE PAULIN. Rev. 
Aluminium, 34, No. 245, 757-765 (1957) 
July-Aug. 

A number of varnishes of various 
types are described which can be used 
with good results for the preservation 
of the bright appearance of finished alu- 
minum surfaces. The adherence of these 
varnishes to aluminum subjected to dif- 
ferent pretreatments and their resistance 
to aggressive substances, such as gaso- 
line, p’aster and concrete was tested. 
From the results of these studies it is 
concluded that varnishing provides ef- 
fective protection for decorative com- 
ponents of motor cars and for aluminum 
products in architectural application.— 


Ad. 14928 


5.4.5 

Synthetic Elastomers in Corrosion 
Prevention. (In French.) E. S. VourTe- 
TAKIS. Corrosion et Anticorrosion, 5, 244- 
252 (1957) Sept. 

Elasticity, wear resistance and chem- 
ical resistance of elastomer-based coat- 
ings after vulcanization. The use of 
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Neoprene-based paints and of chlorosul 
fonated polyethylene ee 
15138 


5.4.5 

Materials of Construction—Protective 
Coatings. F. Scorretp Nat. Paint, Var- 
nish & Lacquer Assoc. Ind. & Eng. Chem. 
49, No. 9, Pt. 2, 1639-1642 (1957) Sept. 

Reviews recent literature on newer 
coating systems (epoxy resin, urethane, 
silicone, vinyls, rubber, miscellaneous 
resin, alkyd, latex, emulsion and zinc- 
rich types), surface preparation and cor- 
rosion, specialty coatings (fire retardant, 
heat-resistant, fungicidal, temporary and 
strippable), paints for woods and appli- 


cation and curing. 148 references.— 
INCO. 15084 


5.4.5 

Vinyls as Metal Finishes. C. I. Spes- 
saRD. Ind. Finishing, 9, No. 105, 469 
(1957). 

An outline of methods for the evalu- 
ation of vinyl coatings; greatly improved 
adhesion is claimed by the use of a 
maleic-modified resin, a vinyl butyral 
wash primer or a primer based on hy- 
drolyzed vinyl chloride resin. Some per- 
formance tests and their results are 
mentioned.—RPI. 15058 


5.4.5 

Polyesters for Surface Coatings. FE. J. 
Murray. By Gum, 28, No. C-3, 4-11, 14 
(1957). 

Polyesters containing either styrene or 
vinyl-toluene as the reactive monomer 
requiring the addition prior to applica- 
tion of an organic peroxide as a curing 
agent are discussed. Cobalt napthenate or 
dimethyl-aniline incorporated with the 
polyester or added with the organic per- 
oxide component initiate the peroxide 
decomposition to free radicals and ac- 
celerate the curing time. The applica- 
tions of these coatings on metal, masonry 
and wood are reviewed.—RPI. 14992 


5.4.5 

Treatment of Galvanized Surfaces. 
Leyland Paint & Varnish Co. Paint J., 7, 
No. 53, 444, 460 (1957). 

The pretreatment and priming of zinc- 
coated surfaces are briefly described. 
Cadmium primer can be directly applied 
to galvanized surfaces after suitable de- 
greasing. Priming paints containing 
graphite or metallic pigments (other 
than zinc) should be avoided. Primers 
based on red ferric oxide, micaceous ferric 
oxide, zinc dust and blends of zinc 
oxide are recommended. Where the sur- 
face is recognized to be porous, two 
coats of primer are recommended.— 


REL. 14980 


5.4.5 

Mastics for Corrosion Control. W. W. 
HENDERSON. Tappi, 40, 216A-219A (1957) 
Sept. 

Mastic as corrosion control coatings 
in all industries using steel, tankage and 
iron or steel equipment; types and uses 
of Erkote mastics; recommendations for 
pretreatment of surfaces and for appli- 
cation of mastica—MR. 14888 


5.4.5 

Zinc Dust as a Pigment in Protective 
Paints. (In German.) M. HocHWweser. 
Schweiz. Arch. angew. Wiss. u. Technik, 
23, No. 6, 169-174 (1957) June. 

The use of zinc in protecting steel 
structures against corrosion is_ briefly 
considered and the literature on zinc- 
dust pigmented paints is reviewed. The 
author’s practical experience in the use 
of such paints indicates that excellent 
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corrosion resistance can be obtained in 
environments which are not directly cor- 
‘osive to zinc, on clean surfaces free 
from loose rust and scale, provided the 
paint is applied with skill and care. The 
‘olor is not unlike that of the unpainted 
steel and inspection particularly of mul- 
iple coatings would be facilitated by the 
iddition of dyes. The paints are not 
poisonous and can be sprayed and painted 
‘omponents can be welded without 
langer to the operator. A minimum 
thickness of 60m is recommended; in 
very corrosive atmospheres 200 yu should 
be used. The paints are specially suit- 
ible for covering and repairing galvan- 
ized surfaces.—ZDA. 14905 


5.4.5, 3.5.4, 2.3.2 

Methods of Accelerated Weather De- 
terioration for Fluorescent Paints. F. M. 
NOONAN AND J. E. Cow.tne. U. S. Naval 
Research Laboratory. Nov., 1957, 23 pp. 


CORROSION 





CORROSION ABSTRACTS 


Available from Office of Technical Serv- 
ices, U. S. Dept. of Commerce, Wash- 
ington 25, D. C. (Order PB 131302). 
The usefulness of daylight fluorescent 
paints depends largely on their ability 
to resist color change and deterioration 
of fluorescence caused by weather, sun- 
light in particular. To aid in the devel- 
opment of more stable high-visibility 
paints, an accelerated test method was 
developed to distinguish between “light- 
stable” (six-months durability) and less 
stable paint formulations. The report 
presents an adequate performance speci- 
fication for daylight fluorescent red- 
orange paint. The proposed specification 
was based on a method involving labo- 
ratory exposure to a carbon are which 
simulated “sunshine” and induced ap- 
proximately the same degradation in 275 
hours as would result from approximately 
four months of Miami, Florida weather 
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exposure. A simple photometer-type in- 
strument was designed for evaluation of 
fluorescence of paints. A change of filter 
in the instrument also permits measure- 
ment of color fading.—OTS. 15027 


5.4.5, 5.2.1 

The Painting of Cathodically Pro- 
tected Surfaces. D. M. MacDona cp. 
Chemistry in Canada, 9, No. 9, 64, 66, 68, 
70 (1957) Sept. 

Corrosion theory and the theory of 
cathodic protection are briefly outlined 
to illustrate the necessity of using al- 
kali resistant paints for coating surfaces 
protected by magnesium anodes, On a 
cathodically protected surface the hy- 
droxyl ions are produced within the 
paint film, which therefore must be 
chemicaly inert to alkali. It is pointed 
out that paint is necessary, even when 
the surface is cathodically protected, 
since: (1) paint provides sufficient in- 
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sulation to maintain the necesary poten- 
tial without the use of excessive cur- 
rents; (2) topcoats contain poisons to 
prevent marine organisms from attach- 
ing themselves, the latter causing in- 
creased drag with consequent increased 
fuel consumption. Tests on a series of 
resin based paints, the vehicles of which 
contained no chemical groupings of 
atoms which could be split by _ bases, 
have been conducted. From the tests, 
two paint systems appear superior, i.e.: 

(1) a widely used proprietory material 
and (2) a material containing vinyls. 
The proprietary paint system had a con- 
siderably shorter antifouling life than 
the vinyl. Both systems are presently 
used in the (Canadian) Navy. Better 
paints for this type of service are being 
developed by testing the newer resins 
as they become available. Resins pres- 
ently under test include: Epoxys, metha- 
crylates, crylates and chlorosulphonated 
polyethlenes. The use of different pig- 
ments chiefly in vinyl based paints is 
also being examined. Exposure tests on 
panels treated with copper and graphite, 
instead of cuprous oxide, the usual anti- 
fouling pigment, have been undertaken. 
The use of certain metallic pigments in 
the priming paint are being tested. A 
series of paints developed by Australian 
scientists which dry by reacting with 
water, have been tested. The vehicle is 
prepared by the reaction: TiCl, + 
4C,HoOH + 4NH: —@ Ti(OCsHo), 4 

4NH,Cl. The product is known as butyl 
titanate and reacts with water to pro- 
duce a form of titanium dioxide. This 
reaction is illustrated by: Ti(OC,Hs), 4+ 

2H.0 — TiO. + 4CsHsOH. Some dif- 
ficulties were encountered in finding an 
additive which would prevent hydrolysis 
of butyl titanate. The following sum- 
marizes the recommended practices for 
painting cathodically protected struc- 
tures: (1) Surface preparation should 
be the best possible. (2) The metal 
should then be protected with phos- 
phoric acid or vinyl wash primer. (3) 
The paint should not contain oil unless 
a long period of atmospheric exposure 
will occur before immersion. (4) Vinyl 
paints appear best if considerable atten- 
tion can be paid to preparation of a 
homogeneous film. (5) When recoating 
is necessary, if it is not possible to re- 
move old paint by sandblasting, the use 
of bituminous base paints may prove 
more satisfactory.—ALL. 14974 


5.4.5 

Zinc-Rich Paints Protect Iron and 
Steel Parts. R. J. Fasran. Materials in 
Design Engineering, 46, No. 1, 102-104 
(1957) July. 

This article discusses zinc-rich paints 
of both organic and inorganic types. 
Their resistance to chemicals, including 
acids and alkalis, salt and fresh water 
and temperature are briefly described 
and general information is given about 
formulation and methods of application. 
Zinc-rich paints are said to have been 
used successfully on refrigeration equip- 
ment, water tanks, dam gates, oil pipe- 
lines, cooling towers and many other 
steel structures exposed to corrosive 
atmosphere or to water. 5 illustrations. 


ZDA. 15265 


5.4.5, 8.9.3 

High Density Asphalt Mastic Coating. 
N. L. Brown. Paper before ASME, 
Petroleum-Mech. Eng. Conf., Tulsa, 
Sept. 22-25, 1957. Gas Age, 120, No. 11, 
40-42, 45 (1957) Nov. 28. 
Description of development and ap- 
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plication of a Timcoat coating that is 
a combination protective and weight 
coat to be used on pipelines laid pri- 
marily in marsh, swamp and off-shore 
areas. Coating mixture consists of coarse 
and fine aggregates, a rubberized as- 
phalt binder and an internal and exter- 
nal reinforcement with combination of 
ingredients being varied to suit various 
laying conditions or requirements. Ap- 
plication process allows welding, coat- 
ing and lowering of some 4800 ft. of 
12% in. pipe in a 10-hour work day on 
a cost basis competitive with that of 
enamel and concrete coatings.—INCO. 
15191 


5.4.5 

The Effect of Fillers on the Proper- 
ties of Bituminous Anticorrosion Coat- 
ings. (In Russian.) V. I. Zhukov and 
A. A. Kozlovskaia. Strottel’. Predpriiatii 
Nefti. Prom. (Building Enterprises of 
the Petroleum Industry), 2, No. 8, 11- 
14 (1957) Aug. 

The M-IV bitumens used for an in- 
sulating mastic are saturated with water. 
Degree of saturation depends on the 
mineral part present in the bitumen. 
Highly-plastic bitumens are recom- 
mended for obtaining coatings with 
high operating durability. Limestone, 
crumb rubber and P-200 polyisobutylene 
are suggested as fillers—BTR. 15175 


5.4.5 

Epoxy Resins in Surface Coatings. 
L. M. BarAKAN. Paint Manuf., 27, No. 8 
308-313 (1957). 

The physical and chemical properties 
of surface coatings based on epoxy 
resins are described and formulations 
are suggested for special finishes. Details 
are also given of the types of catalysts 
which may be used, the production of 
oxidizing and plasticizing esters, meth- 
ods of reacting with amino and phenolic 
resins and the manufacture of paint 
based on catalyzed epoxy resins. 13 ref- 
erences.—R PI 15202 


’ 


5.4.5, 6.2.3 

Steelworks’ Maintenance Painting. 
W. J. CHatmers. Corrosion Technology, 
4, No. 6, 195-197 (1957) June. 

This article, which describes briefly 
the conclusions reached after 15 years’ 
experience of painting a_ steelworks, 
mentions the successful use of a zinc- 
rich primer. The conventional red lead 
primer was attacked by acid moisture 
while drying, but the zinc-rich primer 
dried rapidly enough to be unaffected. 
\ red oxide/zine chromate primer based 
on a synthetic resin was also found to 
be useful. Two illustrations. —ZDA. 

15196 





5.9 Surface Treatment 





5.9.1 

Surface Preparation. Pt. VII. J. 
SNELLING. The Decorator, 56, No. 663, 
39-40 (1957). 

Filling c ompositions, the properties 
and advantages of various types, and 
their application, are reviewed.—RPI. 

15066 


5.9.1, 6.4.2, 6.4.3 

Chemical Surface Protection of Light 
Metals. (In German.) A. Pottack. Metall, 
11, No. 9, 754-756 (1957) Sept. 

A comprehensive survey of various 
methods of surface treatment developed 
for the corrosion protection of alum- 
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inum and magnesium is presented. T} e 
review begins with the discussion «f 
processes first introduced by Jirotka, 
Pacz and McCulloch, stating that they 
no longer have practical significance, 
This is followed by a treatment of tle 
Protal, MBV, EW, Alodine, Iridite, Al- 
prox and the wash primer processes. 
The methods of chemical surface trea'- 
ment applicable to magnesium are di- 
vided into 3 main groups: (1) Oxice 
films which consist either entirely cr 
chiefly of magnesium oxide; (2) Fluor- 
ide coatings with magnesium fluoride 
as a main component; (3) Other prc - 
tective substances such as selenium 
magnesium selenide. 17 reference- 
—ALL 1510- 


5.9.3, 7.1 

Investigation of the Applicability o: 
High Frequency Sound Waves (Ultra 
sonics) for Cleaning of Precision Parts 
O. E. Mattiat AND P. P. Zappont. Cleviti 
Research Center. U. S. Wright Air De 
oe Center, June, 1957, 76 py 
Available from Office of Technical Serv 
ices, U. S. Dept. of Commerce, Wash 
ington, D. C. (Order PB 131361.) 

Accessible soils of all kinds are shown 
to be easily removed from small preci 
sion parts by the ultrasonic systems 
studied. Inaccessible soils, such as steel 
particles in bearings and grease in blind 
holes, require high sonic intensities and 
a coupling fluid with optimum cavitat- 
ing and solubility or dispersability prop- 
erties for the particular soil. Low fre- 
quency systems appeared more effec- 
tive than high frequency systems for re- 
moving most soils investigated. Those in- 
cluded greases, burnt-on carbon, lap- 
ping and buffing compounds, steel par- 
ticles and a synthetic soil. It was fur- 
ther observed that bearing damage re- 
sulting from ultrasonic treatment is in- 
significant for the short cleaning times 
normally required. Processes are recom- 
mended for cleaning precision parts and 
bearings. A coupling fluid—trichloroe- 
thylene—is shown to be best for re- 
moval of soils. The steel-removal and 
probe methods, two new processes for 
evaluating ultrasonic systems and _fac- 
tors are described.—OTS. 15025 


5.9.3, 8.9.1 

Forming Integrally Stiffened Wing 
Panels by Shot-Peening. KENNETH 
SpARLING. Machinery, 91, No. 2344, 903- 
906 (1957) October 18. 

During the past year shot-peen form- 
ing has been applied to large integrally 
stiffened wing panels at Lockheed Air- 
craft Corporation, Burbank, California, 
USA. Forming is accomplished by the 
impact of 0.093-in. diameter cast-steel 
shot which is directed aga‘nst the flat 
surface to produce a convex shape. The 
shot is propelled by high-velocity jets 
of air and makes small indentations in 
the surface of the aluminum. Residual 
compressive stresses ranging up to 50,- 
000 Ibs./sq. in. are thus induced in a 
layer about 0.020-in. deep at the surface 
of the material. In consequence, the 
area of the peened surface tends to increase 
and the workpiece is caused to bend. 
As the work bends, the opposite con- 
cave surface is also subjected to com- 
pression until the stresses in the two 
surfaces are in balance. A 40-ft. long 
panel can be shot-peen formed in ap- 
proximately three hours (this formerly 
took more than 24 man hours when 
using hot bending methods) and only 
simple flat templates for typical con- 
tours along the length of the panel are 
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Pipe coatings “stick around” permanently when Rudy Komnenovich is on the job. Rudy's years of experience as a coating 


machine operator give him the “know how” that’s needed to do the job right! Because of Rudy, and the men who work 


with him, the Hill-Hubbell name has become the most respected in the pipe coating and wrapping industry. Hill-Hubbell’s 
factory trained craftsmen make it their business to give your pipe perfect protection ... permanently! So, for the guar- 


anteed precision of factory application and factory-control by experts... 


Specify Hill- Hubbell wrapped pipe on your next job 


HILL-HUBBELL & COMPANY 


DIVISION OF GENERAL PAINT CORP. © 3091 MAYFIELD ROAD, CLEVELAND 18, OHIO 




























































































































































































































































































































































































































































































































































































































































































































































































required, so that cooling costs are low. 
The curvature of any particular portion 
of the panel is controlled by alternat- 
ing the peening intensity and the degree 
of saturation. The aluminum alloy used 
is 7075-T6. To avoid risk of corrosion 
and to remove any foreign material the 
parts are cleaned with a mild caustic 
solution immediately after the peening 
operation. The panels then receive an 
Iridite corrosion-resistant treatment in 
readiness for painting and assembly op- 
erations. Mechanical properties of alloy 
are not greatly altered by shot-peening. 
The fatigue strength is improved 
slightly. Corrosion resistance is greatly 
increased because of the residual com- 
pressive stress in the surface of the 
peen-formed part. The Lockheed peen- 
forming machine has an overall length 
of the bed exceeding 85 ft. All forming 
takes place within a rubber-lined peen- 
ing cabinet which covers a 4-ft. length 
of the workpiece—ALL. 15073 


5.9.3 


Removing Rust and Scale by Abrasive 
Cleaning. E. Jacosson. Organic Finishing, 
18, No. 6, 9-11 (1957) 


An outline of the main classes of air- 
less abrasive blasting equipment is 
given, together with some examples of 
suitable applications of the method and 
advantages to be gained from its use. 
—RPI. 15318 


5.9.4, 2.3.2 


Black Oxide Coatings on Steel: 
Quality Tests. J. Doss. Rock Island Ar- 
senal Lab. Electroplating and Metal 
Finishing, 10, No. 9, 289-290 (1957) 
September. 

An oxalic acid spot test was found to 
provide good indication of black oxide 
coating quality in case of 12 out of 13 
types of steel investigated. Panels were 
treated in aqueous alkaline oxidizing 
bath for various periods of time and 
both ground and sandblasted surfaces 
were investigated. Drop on good quality 
coating acquired black or brown color 
in 3-8 minutes whereas that on poor 
coating became grey in under 3 min- 
utes. An inhibition test, humidity cab- 
inet test and spot tests using solutions 
of citric acid or ammonium citrate were 


unreliable —INCO. 14931 


5.9.4, 6.4.4 


Progress in Surface Treatment of 
Magnesium Alloys. (In French.) G. 
SIEBEL. Office National d’Etudes et de 
Recherches Aeronautiques, Paris, France, 
Publication No. 5, page 45, 1957. 

The anodic processes, Elomag, Flus- 
sal and Seomag, which have been de- 
veloped and used in Germany, have for 
some time been widely used by indus- 
try. With reference to the anodic proc- 
ess for producing protective coatings on 
magnesium alloys, it can be said that, 
with suitable post-sealing treatment, 
they represent considerable improve- 
ment as compared with the non-electro- 
lytic processes. The anodic process is 
not, however, as good as has been at- 
tained with aluminum alloys by the 
anodizing process, the reason for which 
can be ascribed mainly to the different 
chemical and physical characteristics of 
magnesium, compared with aluminum 
and its chemical compounds. In the 
opinion of the author, an anodic treat- 
ment of magnesium alloys can only be 
considered primarily for pressure die 
cast parts for the optical and photo- 
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graphic industries. There exists in addi- 
tion, a possibility of application of the 
anodic treatment process with cast 
parts which are particularly subjected 
to corrosion or wear, however, not for 
sheets which have to be further handled 
and processed after the surface treat- 
ment, as the anodic coatings produced 
are relatively brittle—ALL. 15083 


5.9.4, 6.3.8 

Anodization of Lead and Lead Alloys 
in Sulfuric Acid. J. Burpanx. U. S. 
Naval Research Lab. J. Electrochem. Soc., 
104, No. 12, 693-701 (1957) Dec. 

Anodic lead dioxide coatings formed 
on lead and selected lead alloys (cal- 
cium, antimony, tin) in sulfuric acid 
were examined by electron and x-ray 
diffraction and by electron and light mi- 
croscopy. Self-discharge of dioxide films 
was followed by time-potential curves; 
relation between anodic attack, self-dis- 
charge characteristics and microstruc- 
tures of metals is reported. Anodically 
formed dioxide coatings on lead and its 
alloys comprise mixture of 2 polyorphic 
forms of lead dioxide at metal-coating 
interface and common tetragonal lead 
dioxide at solution-coating interface. B 
lead dioxide discharges more rapidly 
than @lead oxide. Potential of discharg- 
ing surface is determined by these rela- 
tive rates and by physical structures of 
dioxide layers. Metals are preferentially 
attacked at grain boundaries and in in- 
ter-dentritic areas depending on nature 
of segregated material and_ structural 
discontinuities. Discussion of crystal 
chemistry of lead compounds, potential- 
pH diagram and lead acid cell is in- 
cluded. Tables show relation of micro- 
structure to corrosion topography and 
give typical diffraction patterns of ano- 
dic corrosion products. Graphs, photo- 
micrographs.—I NCO. 15220 





6. MATERIALS OF 
CONSTRUCTION 





6.2 Ferrous Metals and Alloys 





6.2.2, 3.5.8 

Fatigue fe of Gray Iron. F. 
R. BrorzEN AND J. WALLACE, Chapter 
in Gray Iron Cues Handbook (Gray 
Iron Founder’s Soc.) Machine Design, 
29, No. 25, 154-158 (1957) Dec. 12. 

Fatigue properties of gray or un- 
alloyed irons and low-alloy gray iron 
(with less than 3% total alloy content) 
are discussed. Endurance limit and en- 
durance ratio, influence of stress condi- 
tions and notch sensitivity are reviewed. 
Effects of overstressing and under- 
stressing; of surface rolling and surface 
finish; of structure, composition, section 
size and heat treatment; and of ele- 
vated and low temperatures are con- 
sidered. Tables and graphs show perti- 
nent data—INCO. 15203 


6.2.2 

Alloy Cast Irons Can Solve Tough 
Problems. J. H. Cuttinc ann J. F. 
WaLtace. Adapted from section of forth- 
coming Iron Castings Handbook, Gray 
Iron Founders’ Soc., C. F. Walton, editor. 
Materials in Design Eng., 46, No. 5, 140- 
144 (1957) October. 

Corrosion resistant irons considered 
are high-silicon (Duriron, Durichlor), 
high-chromium and_high-nickel irons 
(Ni-Resist). Heat resistant irons are 
classified as high-silicon (Silal, Nicro- 
silal), high-chromium, high-nickel (Ni- 
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Resist and nickel-chromium-silicon iron) 
and high-aluminum irons. Special purpose 
irons include low expansion irons (34-36 
nickel) and electrical resistance irons. High 
alloy ductile irons include high-silicon (2.5- 
6.0), high-nickel (18-22) and still higher- 
nickel (21-24) types. Table lists physi- 
cal and mechanical properties of thes 
various types. Graphs show oxidation 
resistance, creep strength and short time 
tensile strength at elevated temperatures 
for the heat-resistant grades.—INCO 

15217 


6.2.2, 4.3.2 

Dissolution of Iron in Acidified 
Chromic Chloride Solution. Roseri 
SKOMOROSKI AND CeciL V. Kine. J. Elec- 
trochem. Soc., 104, No. 7, 417-419 (1957) 
July. 

The rate of dissolution of iron from 
rotating cylinders was studied in 4M 
hydrochloric acid containing purple and 
green chromic chloride, also aluminum 
chloride and sodium chloride up to 
0.2M. These salts affect the rate of 
dissolution somewhat, but chromic ion 
does not undergo reduction. While the 
standard potentials predict that reduc- 
tion is pissoble, the actual potential of 
iron in acid solutions is not sufficiently 
negative. Cathodic polarization did not 
accomplish direct or indirect reduction 
of chromic ion, but only cathodic pro- 
tection of the iron. It was also shown 
that metallic iron catalyzes the oxida- 
tion of chromous ion by hydrogen ion. 


14985 


6.2.2 

The Present State of Development of 
Iron-Aluminum-Base Alloys. W. J. Lep- 
KOWSKI AND J. W. Hottapay. Battelle 
Memorial Inst., Titanium Metallurigal 
Lab., Columbus, Ohio. November 18, 1857, 
45 pp. 

The purpose of this memorandum is 
to summarize the present state of de- 
velopment of iron-aluminum-base alloys. 
The binary iron-aluminum alloys offer 
favorable tensile strength but possess 
very poor ductility. The iron-aluminum- 
molybdenum alloy, thermol (iron- 16 
aluminum-3 molybdenum), is corrosion 
resistant, offers excellent tensile strength 
and is ductile-—NSA. 15356 


6.2.2, 3:5:3, 2.0.7 

The Resistance of Cast Iron to Cavi- 
tation Erosion. R. I. Hicctns. British 
Cast Iron Research Association. J, Re- 
search and Development, 7, No. 2, 28-53 
(1957) October. 

Tests carried out on jet impact ma- 
chine and magnetostriction apparatus to 
assess resistance of various cast irons 
to cavitation erosion. In jet impact ma- 
chine, specimens were rotated at high 
speed through jet of water (fresh and 
synthetic sea water). Calculated impact 
pressure was about 7.5 tsi. Effects of 
carbon, phosphorus and silicon con- 
tents; influence of graphite form, of 
matrix in nodular cast iron and of con- 
tinuity of matrix; and relationship be- 
tween impact erosion index and me- 
chanical properties of cast iron are dis- 
cussed. Attack in jet impact machine 
is largely mechanical. Within homo- 
geneous series of cast irons the order 
of merit increases with increase in ten- 
sile strength; judged by this test, order 
of merit depends on strength and con- 
tinuity of matrix. In magnetostriction 
apparatus, specimens were vibrated at 
10,000 cycles/sec but through very 
small amplitude. Results from magneto- 
striction test show that an appreciable 
amount of corrosion attack occurs, par- 
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ticularly on unalloyed ferrous materials. 
Cathodic protection reduces, but does 
not eliminate, the total attack. There is 
no simple correlation between results 
irom jet impact machine and particular 
magnetostriction apparatus used in this 
investigation. Test apparatus is de- 
cribed and illustrated. Graphs and nu- 
merous tables summarize results for 
arious cast irons and nodular irons 
1-21.7 nickel) as well as aluminum 
bronze, manganese bronze, 70-30 brass 
ind mild steel—INCO 15330 


6.2.3, 6.2.5, 8.4.5 

Carbon Steel for High Temperature 
Reactor Systems. W. L. Peart. General 
Electric Company, Hanford Atomic 
Products Operation. U. S. Atomic En- 
‘rgy Commission Pubn., HW-33641- 
(Del.), November 2, 1954 (Declassified 
with Deletions March 14, 1957), 11 pp. 
Available from office of Technical Serv- 
ices, Washington, D. C 

An evaluation of the feasibility of 
utilizing carbon steel as an alternate 
material for stainless steel in future re- 
actor design is made. Problems and 
recommendations for future study are 


noted.—NSA. 15394 


7. EQUIPMENT 


7.7 Electrical, Telephone 
and Radio 


7.7, 8.8.3 

Protection of Germanium Rectifiers 
for Electroplating. S. P. Jackson. Gen. 
Elec. Co. Products Finishishing, 21, No. 
5, 36-40 (1957) Feb. 

Conditions which may cause corrosion 
of germanium rectifiers in electroplating 
plants include air-borne particles, cor- 
rosive gases and vapor, condensation, 
and splashing of plating bath. Rectifier 
casing serves as major barrier against 
corrosive gases or liquids. To ensure 
proper protection, base metal should 
be phosphatized, and zinc chrornate 
primer and final rubber or vinyl base 
paint applied—INCO. 6 


Ved ae 

Relay Contact Life in Central Offices. 
A. P. Goetze. Bell Labs. Record, 35, No 
2, 65-68 (1957) Feb. 

Discussion of studies of erosion char- 
acteristics of various contact metals. 
When relay contacts open or close to 
control current in a circuit, there is al- 
ways some degree of erosion propor- 
tional to amount of energy dissipated 
at contacts. Originally, 2 sizes of con- 
tacts, both made entirely of precious 
metal, were specified. These two sizes 
of contact were superseded by a bimetal 
contact consisting of a layer of precious 
metal superimposed on a nickel base. 
3imetal contact has an erosible volume 
intermediate between former heavy and 
small contacts. Among factors that af- 
fect contact life is length of lead between 
a contact and its load; with palladium 
contacts a shorter life is obtained with 
long leads. Graphs, diagram.—INCO 

13825 





7.10 Other 


7.10, 6.4.2 

Considerations Concerning the Manu- 
facture of Aluminium Cooking Utensils. 
(In German.) H. KEsster. Aluminum, 33, 
No. 2, 103-106 (1957) Feb. 


Based on the chemical analysis and 
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electrochemical testing of an aluminum 
pressure cooker which, owing to poor mate- 
rials and faulty workmanship, had’ failed 
in service, the basic principles for the 
manufacturing of- aluminum kitchenware 
are laid down. The alloys used should 
not contain either zinc or copper, more- 
over, units which consist of more than 
one component should be made entirely 
of the same material. Recommended are 
the aluminum-magnesium, aluminum- 
manganese, aluminum - magnesium -man- 
ganese alloys, and in special cases alu- 
minum-silicon also. All these, together 
with pure aluminum, may be used for 
the production of cast or rolled and deep 
drawn products. Metallizing of less noble 
metals with a nobler one, when the re- 
sulting deposit is not expected to be 
pore-free, is strongly discouraged. Sim- 
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ilarly, inclusions of carbon particles, 
which also may originate local currents 
and, thus, lead to material removal in 
electronegative metals, should be care- 
fully eliminated —ALL, 13817 


8. INDUSTRIES 
8.3 Group 3 


8.3.5, 7.5.2, 5.4.8 

Safety of Inside Enamel Coatings 
Used in Food Cans. M. Ives anp G,. M. 
Dack. Food Research, 22, No. 1, 102-109 
(1957); Packaging Absts., 14, No. 5, 383- 
384 (1957). 

Cans with 5 representative coatings 
used for different classes of foods were 
tested. A diet designed to evaluate the 





When Was Zine Chromate 
First Used in 
Corrosion Inhibitors? 


Over 10 years ago, in 1947, Wright 


introduced the use of zinc, for corrosion 


control, in a new Wright product called 


Penechrome Z. Since then other Wright 


Penechromes, containing zinc chromate 


and organic additives, have proved in 


years of field service the greater effec- 


tiveness of zinc-containing corrosion 


inhibitors. Wright research, as always, 


will continue developing new ap- 


proaches to the solution of your water 


side corrosion problems. 


Ask about Wright Consulting Services. 


Wei anita t 





WRIGHT CHEMICAL CORPORATION 


GENERAL OFFICES AND LABORATORY 
633 WEST LAKE STREET, CHICAGO 6, ILLINOIS 


Offices in Principal Cities 


@ Softeners, Filters and other external Treating Equipment 


@ Nelson Chemical Proportioning Pumps 
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safety of these coatings was fed to rats 
for 24 months and to monkeys for 12 
months. Results showed no adverse 
effects.—RPI. 14694 


8.3.5, 5.3.2, 6.3.14 

The Anaerobic Corrosion of Tin in 
Anthocyanin Solutions and Fruit ie 
F. W. Satt AND J. G. N. THomas. J. Ap- 
plied Chem., 7, Pt. 5, 231-238 (1957) May. 

Chrysanthemin, main constituent of 
the coloring matter of Victoria plums 
and rasberries, acts as a cathodic de- 
polarizer for corrosion of tin by citric 
and malic acids. About 5 moles of chrys- 
anthemin are required for dissolution 
of 1 mole of tin but it is probable that 
this equivalence varies with concentra- 
tions of anthocyanin and its tin complex. 
Rate constants were determined for re- 
action of tin with a malic acid solution 
of chrysanthemin and with anaerobic 
syrup from bottled yellow plums, Vic- 
toria plums and raspberries. Amount of 
tin dissolved per unit volume of syrups 
increased in order in which they were 
mentioned and is greater than would be 
expected from their anthocyanin con- 
tents, indicating that other depolarizers 
are present in the fruit syrups. Graphs, 
17 references.—INCO. 14424 


8.3.5 
Corrosion in a Corn Milling Plant. 
C. H. Perron. Paper before 8th Plant 
Maintenance and Eng. Show., ¢ ‘leveland, 
1957. Ind. and Eng. Chem., "49, No. 5, 
65A-66A, 68A, 70A, 74A (1957) May. 
Many large-scale corrosion problems 
are encountered in Clinton corn process- 
ing plant which processes corn into bulk 
food products. Corn is steeped, ground 
and separ ated in large volumes of water 
containing very corrosive sulfur dioxide 
resulting in process waters containing 
sulfurous acid. Starch is hydrolyzed to 
soluble sirups and sugars in presence 
of hydrochloric acid and at a very low 
pH and high temperature. After hydrol- 
ysis, partially neutralized chloride-con- 
taining liquors are handled at near-boil- 
ing temperatures and on acid side at a 
pH of 4.0-5.0. Many of the liquors con- 
tain activated carbon which is used as 
i decolorizing agent; no combination is 
more corrosive in process, Stainless 
steels are in general use all over plant. 
Type 304 is specified in tube applica- 
tions where proper annealing can be 
assured for maximum corrosion _resist- 
ance. Extra low carbon grade of Type 
316 is specified for all tanks and large 
process equipment which cannot be an- 
nealed after fabrication. Photos.—INCO. 
14335 





8.4 Group 4 





8.4.5, 3.4.8 

In-Reactor Autoclave Corrosion 
Studies. II. Autoclave Z-18. K. S. War- 
REN, R. J. Davis, anp G. H. Jenks. Oak 
Ridge National Lab. U. S. Atomic En- 
ergy Comm. Pubn., CF-57-3-112, March 
22, 1957, 22 pp. Available from Office 
t Technical Services, Washington, D. C 

In order to test the effect of chro- 
mate ion on the corrosion of Zircaloy- 
2, a 0.04M uranyl sulfate solution con- 
taining added acid, copper sulfate, and 
557 ppm of chromium(VI) was auto- 
claved with rocking at 280 C for about 
eight days in the HB-5 facility of the 
LITR. The average corrosion rate estab- 
lished by the rate of consumption of 
oxygen was 9.9 mpy at a power density 
of 4.9 w/ml. It is indicated by compari- 
son with a previous corrosion study 
under LITR radiation that the presence 


1760 
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of chromium(VI) had no significant 
effect om the radiation corrosion of 
Zircaloy-2 by caniead uranyl sulfate 
solutions. However, the data are not 
conclusive and may be interpreted as 
showing a low corrosion rate for a lim- 
ited period (i.e. a short term inhibition) 
followed by correspondingly rapid cor- 


rosion. (auth.)—NSA. 14415 


8.4.5, 4.3.2 

Corrosion of Stainless Steels by Nitric 
Acid-Hydrofluoric Acid-Aluminum Ni- 
trate Mixtures During Evaporation of 
Plutonium Product Streams. T. A. ArE- 
HART AND T. C. Runion. Oak Ridge 
National Lab. U. S. Atomic Energy 
Commission Publication, CF-52-11-76, 
Nov. 10, 1952 (Declassified Feb. 14, 
1957), 6 pp. Available from Office of 
Technical Services, Washington, D. C. 

The rate of corrosion of stainless 
steels during the evaporation of hydro- 
fluoric acid-nitric acid mixtures is quite 
high even in the presence of excess alu- 
minum. The corrosion rate was six to 
ten times the rate normally considered 


permissible.-—NSA. 14586 





8.4.5, 4.3.3 

Quarterly Report of the Solution Cor- 
rosion Group for the Period Ending 
January 31, 1957. J. C. Griess, H. C. 
SavacE, J. L. ENncGiisH, R. S. GREELEY, 
S. R. Buxton, D. N. Hess, W. C. UL- 
ricH, T. H. MAuNEY AND E. F. House. 
Oak Ridge National Lab. U. S. Atomic 
Energy Comm. Pubn., CF-57-1-144, Jan. 
31, 1957, 48 pp. Available from Office 
of Technical Services, Washington, D. C. 

A second test of the mockup of Zir- 
caloy-stainless steel transition joint as used 
in the HRT reactor vessel was completed. 
Long-term runs with uranyl sulfate so- 
lutions of concentration proposed for 
use in the HRT have shown the solu- 
tion stable at 300 C. Experiments with 
chromic acid for pretreatment of stain- 
less steel have-shown that, under cer- 
tain conditions, the pretreated film can 
exist in uranyl sulfate in excess of the 
critical velocity. The practicability of 
using titanium inserts in highly turbu- 
lent areas of stainless steel loops to min- 
imize corrosion was demonstrated. The 
corrosiveness of beryllium sulfate solu- 
tions containing dissolved uranium tri- 
oxide was determined at 250 and 280 C. 
Studies on stress-corrosion cracking of 
stainless steel in boiling uranyl sulfate 
containing 25 and 50 ppm CI have 
shown that it will crack. A number of 
zirconium-base alloys were prepared 
and tested in uranyl sulfate for corro- 
sion resistance. (For preceding period 


see CF-56-10-13.)—NSA 14603 


8.4.5, 3.5.8 

Stress Corrosion in the HRT Mockup. 
P. H. Hartey. Oak Ridge National Lab. 
U. S. Atomic Energy Comm. Pubn., 
CF-57-5-98, May 20, 1957, 20 pp. Avail- 
able from Office of Technical Services, 
Washington, D. C 

Stress corrosion was found in 8 com- 
ponents of the HRT mockup; only four 
of these actually shut down the loop. 
All of the failures have occurred in the 
high-pressure system of the loop.—NSA. 


14604 


8.4.5, 1.6 

Corrosion and Wear Handbook for 
Water-Cooled Reactors. D. J. DePAut, 
Editor. U. S. Atomic Energy Commission. 
Book, 1957, 293 pp. McGraw Hill, 330 
W. 42nd St. New York 36, N. Y. 


Background information for engineers 
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and scientists who are encountering for 
the first time the problems associated with 
the use of high purity, high temperature 
water as a reactor coolant. Tabulated data 
and detailed information for use as ref- 
erence material for actual design work 
Special types of corrosion and application 
problems involving wear.—BTR. 14659 


8.4.5 

Second and Third Operating Test of 
HRT Core Vessel Transition. Joint and 
Expansion Bellows Mockup. R. S. Gree- 
LuEy, W.. C. Uteics, H. C. Savace,. f.:€ 
Griess AND T. H. Mauney. Oak Ridge 
National Lab. U. S. Atomic Energy 
Comm. Pubn., CF-57-4-44, April 30, 
1957, 39 pp. Available from Office of 
Technical Services, Washington, D. C. 

Second and third tests were conducted 
on an expansion bellows and Zircaloy- 
stainless steel transition joint assembly, 
duplicating that used in the core-pres- 
sure vessel assembly of the HRT. The 
assembly was exposed for 1140 hours in 
the second test and 167 hours in the 
third to a circulation solution contain- 
ing 0.04m uranyl sulfate, 0.02m sulfuric 
acid, and 0.005m cupric sulfate in a 100A 
dynamic corrosion loop under conditions 
simulating reactor startup, shutdown, 
and steady-state operation. Results in- 
dicated that the transition joint assem- 
bly as tested was mechanically sound 
and leak-tight. Pit-type corrosion con- 
tinued on the expansion bellows where 
the upper retaining tangent contacts the 
bellows. Results are included of speci- 
mens exposed to the circulating solution 
during transition joint and bellows test. 


—NSA. 14633 


8.4.5, 4.3.3 

Corrosion by Aqueous Reactor Fuel 
Solutions. H. F. McDurrir. Oak Ridge 
National Lab. U. S. Atomic Energy 
Comm. Pubn., CF-56-11-72, Nov. 14, 
1956 (Declassified March 12, 1957), 
pp. Available from Office of Technical 
Services, Washington, D. C. 

A review of experimental work on 
corrosion of reactor systems by aqueous 
reactor fuel solutions is presented. Cor- 
rosion of titanium, platinum, austenitic 
stainless steels, zirconium, nickel alloys, 
and zirconium alloys by uranyl sulfate 
solutions is discussed.—NSA. 14726 


8.4.5 


Use of Hood Cells for Enclosing Low , 


Level Radiation Processes. Homer A. 
MoutrHrop. General Electric Co., Han- 
ford Atomic Products Operation. U. S. 
Atomic Energy Comm. Pubn., HW- 
47022(Rev.), Feb. 28, 1957, 11 pp. Avail- 
able from Office of Technical Services, 
Washington, D. C. 

The design of hood cells for enclosing 
low-level radiation processes is dis- 
cussed. The study includes maintenance, 
equipment changes, operating costs, cor- 
rosion and safety.—NSA. 14716 


8.4.5 

Summary of Corrosion Data for HRT 
Mockup Operational Period Ending 
November 5, 1956. R. E. WackKER AND 
J. C. Griess. Oak Ridge National Lab. 
U. S. Atomic Energy Comm. Pubn., 
CF-57-5-71, May 22, 1957, 49 pp. Avail- 
able from Office of Technical Services, 
Washington, D. C. 

The operation of the HRT mockup 
was on 0.042m uranyl sulfate, 0.024m 
sulfuric acid, and 0.005m cupric sulfate 
at 280 C and 1400 psi pressure, with the 
oxygen content at near 500 ppm. The 
pump showed bearing wear and high 
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corrosion. The letdown heat exchanger 
was removed from the mockup and sec- 
tioned. The metallographic examination 
revealed corrosion. Results of corrosion 
runs on titanium, Zircaloy-2, and stain- 
less steel are given.—NSA. 14833 


8.4.5, 6.6.4 

Surface Studies of Irradiated Graph- 
ite. C. N. Spavarts. Hanford Atomic 
Products Operation. U. S. Atomic En- 
ergy Comm. Pubn., HW-29082, July 14, 
1953 (Declassified Feb. 7, 1957), 28 pp. 
Available from Office of Technical Serv- 
ices, Washington, D. C. 

The effects of oxidation and irradia- 
tion on the microsurface structure of 
pile graphite have been investigated by 
measuring the surface area and pore 
size distribution of several samples. The 
results obtained for both oxidized and 
irradiated graphite samples indicate that 
changes in surface characteristics which 
occur are determined by the flux, tem- 
perature of irradiation, and gaseous at- 
mosphere in which the radiation takes 
place. (auth.)—NSA. 14765 


8.4.5, 3.7.3 

Examination of Removable Tube 
Bundles for Redox. K. L. SANBORN AND 
W. R. SmiruH. Hanford Atomic Products 
Operation, U. S. Atomic Energy Comm. 
Pubn., HW-32642, Sept. 2, 1954 (Changed 
from Official Use Only Jan. 11, 1957), 
28 pp. Available from Office of Tech- 
nical Services, Washington, D. C. 

Metallurgical examination of tube 
bundles for Redox reveals that the 
solution heat treatment and quenching 
operations did not prevent intergranu- 
lar corrosion. The heat treatment caused 
distortion. Recommendations which 
should reduce or prevent these defects 
are made.—NSA. 14767 


8.4.5 

Radiation Damage Studies Program; 
ETR Loop Materials Progress Report. 
M. S. Rosrnson. Phillips Petroleum Co. 
U. S. Atomic Energy Comm. Pubn., 
IDO-16337, April 19, 1957, 22 pp. Avail- 
able from Office of Technical Services, 
Washington, D. C. 

The design of experimental loops for 
the ETR has required the consideration 
of some structural metals for which 
there is little engineering data concern- 
ing the change of mechanical properties 
with neutron irradiation. Samples of the 
materials have been obtained, and sub- 
size impact and tensile samples are now 
being irradiated in the MTR. From 
these samples changes in such proper- 
ties as tensile strength, hardness, ductil- 
ity, corrosion resistance and impact 
strength will be determined. The first 
group of tensile samples, consisting of: 
Hastelloy-X, Zircalloy-2, 410 Stainless 
Steel, 2% Croloy, and Inconel-X, has 
been tested in the MTR hot cell. The 
2% Croloy, which was nickel plated be- 
fore reactor insertion, corroded too 
much to permit further reactor testing. 
Test data for the other materials and 
photographs of the samples are pre- 
sented (auth.)—NSA. 14797 


8.4.5 

Summary of Corrosion Data for HRT 
Mockup Operational Period Ending 
February 16, 1957. R. E. WackER AND 
J. C. Griess. Oak Ridge National Lab. 
U. S. Atomic Energy Comm. Pubn., 
CF-57-6-60, June 17, 1957, 41 pp. Avail- 
able from Office of Technical Services, 
Washington, D. C. 

During the period of operation a total 
of 576 hours was completed with 1.30m 
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uranyl sulfate at 260 C and 1400 psi 
pressure with the oxygen concentration 
~500 ppm. A titanium holder ‘in the 
suction side of the main circulating line 
contained coupons of titanium 75A, Zir- 
caloy-2, and types 309 SCb and 347 
stainless steel. All coupons contained a 
heavy, glossy, black paint-like scale. The 
coupon mounted in the pressurizer heater 
leg had a rusty film with a trace of 
yellow precipitate on the bottom of the 
holder. The corrosion specimen wire 
mounted in the letdown heat exchanger 
was removed for examination—NSA. 


14803 


8.4.5 

Recovery of Nitric Acid in the Tri- 
butyl Phosphate Process for Uranium 
Recovery. Part 2. (A). Corrosion 
Studies. (B). Path of Chloride Ion. (C). 
Path of Tributyl Phosphate. R. M. Wac- 
NER AND C. Groot. Hanford Works. U. S. 
Atomic Energy Comm. Pubn., HW- 
17937, May 29, 1950 (Declassified Feb. 
19, 1957), 12 pp. Available from Office 
of Technical Services, Washington, D. C. 

The corrosion rates for type 316 stain- 
less steel are given for various parts of 
the distillation system. The path of 
TBP in distillation of column waste 
(RAW) and the path of chloride during 
RAW concentration and nitric acid dis- 
tillation are outlined —NSA, 14810 


8.4.5, 3.5.4 

Some Aspects of Atomic Energy: The 
Influence of Radiation on Plant Design. 
A. S. Wuire. Paper before Soc. Chem. 
Industry, Feb. 19, 1957. Chemistry and 
Industry, No. 30, 1020-1027 (1957) July 27. 

Discussion of some important aspects 
in design and operation of nuclear re- 
actors and their associated processing 
plates. Effects of radiation in uranium, 
graphite and steel are described. Neu- 
tron radiation tends to raise the tem- 
perature of the ductile brittle fracture 
transition of steel as well as to increase 
yield point and hardness and to reduce 
ductility. This factor must therefore be 
added to others, such as welding, cor- 
rosion, stress relief, which present prob- 
lems to the designer of a reactor vessel. 


127 


Problems in the handling and process- 
ing of fissile materials and danger of 
criticality are discussed. Diagrams, 
photos, graphs, tables—INCO. 14815 





8.5 Group 5 


8.5.3 

Combatting Corrosion in a Pulp Mill 
with Stainless Steel. J. Kotperc. Ketchi- 
kan Pulp Co. Chem. Eng. Progress, 53, 
No. 7, 353-356 (1957) July. 

Description of corrosion of Type 316 
and Hastelloy in Ketchikan Pulp Co. 
in Alaska caused by fact that chloride 
level in sulfite acid and recovery system 
was higher than that of other sulfite 
mills. Company set up rigid specifica- 
tions for ordering of new and replacement 
equipment. For Type 316, most com- 
monly used for sulfite acid service, spe- 
cifications are 2.75 molybdenum, 0.04- 
0.06 carbon preferred, with a 0.07 max. 
Alloy is to be fully annealed. If alloy 
was cold worked, it must be reannealed 
followed by a water quench. For fabri- 
cated sections all welds are water 
quenched and if alloy is to be used in 
an extremely corrosive medium or in a 
vulnerable location, extra-low carbon 
alloy is specified. Photos—INCO. 
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8.8 Group 8 


8.8.1, 6.5 

Recent Advances in Metallic Mate- 
rials of Construction for use in the 
Chemical Industry. N. P. INcLis. Paper, 
Soc. Chem. Ind. 76th Ann. Meet., Lon- 
don, July 12, 1956. Chemistry and Indus- 
try, No. 7, 180-189 (1957) Feb. 16. 

A review on recent advances in metal- 
lic materials of construction for the 
chemical industry covers corrosion re- 
sistent steels, and copper, aluminum, 
titanium, and their alloys. 11 references. 

13790 





8.8.1 

Chlorination of Purified Zirconium 
Oxide. L. P. Twicuett. Oak Ridge Na- 
tional Lab. U. S. Atomic Energy Comm. 
Pubn., Y-574, March 10, 1950 (Declassi- 
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EVERY TYPE 

OF FAN FOR 
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VENTILATION 


No matter what your corrosive 


ventilation requirement may be, 
experts at HEIL PROCESS 
EQUIPMENT Corp, have a fan 
to meet your particular needs. 
HEIL’S specialized ability to pro- 
vide you with chemical-resistant 
equipment is based on 28 years ex- 
perience in furnishing equipment 
for handling corrosive fumes and 
liquids for the chemical, steel, 
metalfinishing, and plating indus- 
tries. 

Send today for literature describ- 
ing HEIL’S full line of fans and 
blowers for ventilating. 


Heil 
Rigid Vinyl 
(Rigivin) 
Solid Plastic 
Centrifugal Fan 


Heil 
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Solid Plastic (Rigidon) 
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A series of experiments was made to 
study various methods of chlorination 
of zirconium dioxide. Several types of 
liquid phase reactions were tried with- 
out success. Chlorination of the oxide 
and added carbon by means of chlo- 
rine gas at high temperature gave in- 
complete conversion under the condi- 
tions studied. Reaction of oxide with 
carbon tetrachloride vapor at 500 C 
gave essentially complete conversion to 
product of required purity. This was 
accomplished in a reactor and a con- 
denser both made of nickel to simulate 
conditions in the large chlorinators avail- 
able. The reaction was considerably 
more rapid at 550 to 600 C but the re- 
sultant product was highly contami- 
nated with nickel. Studies were also 
made of the corrosion of nickel and 
other metals, types of condensers, and 
degree of ignition necessary in starting 
oxide. Cost estimates indicate that the 
oxide could be chlorinated by this 
method for $0.51 per pound of contained 
zirconium metal. (auth.).—NSA. 14829 


7, 1957), 17 pp. Available from 
Technical Services, Washington, 


8.8.5 

Racks for Anodizing. J. E. Buncu. 
Metal Finishing, 55, No. 7, 45-49 (1957) 
July. 

The use of anodized aluminum as dec- 
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orative trim by the automotive industry 
has necessitated the development of 
satisfactory racks for use during appli- 
cation of the finish to parts. Facts and 
factors to be considered in designing 
these racks are considered. These are: 
1) basic: processing chemicals generally 
in use in production installations; metals 
available for rack construction and their 
characteristics; elastomers for coating 
the rack, their characteristics and resist- 
ance to chemical reaction at given tem- 
perature; 2) primary: equipment and/or 
machines used to perform the process; 
the piece to be processed; 3) secondary: 
holding and positioning of the piece to 
be processed, mechanical design and con- 
struction of the rack; insulation coat- 
ing, compound formulation and methods 
of application; initial and maintenance 
costs, life expectancy, and performance 
results achieved. Many of the chemicals 
used are highly corrosive, and become 
more so with raised operating tempera- 
tures, often doubling with each 18 per- 
cent rise in temperature. Tables list 
chemicals used in various processes, the 
properties of aluminum, copper, phosphor- 
bronze and titanium, which may be used 
for rack construction, and the physical and 
chemical characteristics of several ma- 
terials which may be used for coating 
anodizing racks.—ALL, 14601 
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2 Electrolytic corrosion poses no problems when 
103 es 7 a 
117 Figure 110 Insulated Unions are on the job. By 
breaking the flow of current, these unions 
o definitely prevent corrosion! 
14 Figure 110 Insulated Unions have proved their 
100 efficiency in thousands of installations. As re- 
79 flected in certified tests, they are 100% ef- 
71 fective under conditions that are many times 
15 more severe than will ever be encountered in 
— actual service; the insulating gaskets are oil 
81 and gas resistant and have very high com- 
74 pressive strength; and the time-proved flat- 
73 face design provides a positive seal against all 
08 gas, fluids and vapors, at all pressures or 
25 vacuum. 
29 Put an end to your electrolytic corrosion prob- Figure 110 
= lem by putting Figure 110 Insulated Unions to 
work, They are available in a complete range 
ry of sizes... ¥g” through 16”... . for working CERTIFIED LABORATORY TESTS PROVE 
2 pressures from 500 psi to 10,000 psi. Buy THEIR EFFICIENCY* iain 
pa them at your favorite supply store. resistance 
os RESISTANCE TEST desing tine 
e: For complete information, write for Catalog voltage was 
ly No. 57 Volts Resistance Resistance impressed 
ils : Size Impressed at Start—ohms atEnd—ohms = (1 minute) 
“ol Vs" 1,000 D.C. 11,000,000 11,000,000 None 
t- REPRESENTATIVES | 
ae W. H. Seyffert, Jr.—Corpus Christi, Texas 2” 1,000 D.C. 30,000,000 30,000,000 None 
a Slim LaGrone Co.—Odessa, Texas 
ee Bob Hawk Eqpt. Co.—Hobbs, N. M. 
H Broiles & Cope—Wichita Falls, Texas BREAKDOWN TEST 
Moise LaFleur—Opelousas, La. 

n- 60 cycle Damage to | 
t- = z ee La. Breakdown Location of insulating ; 
ds aude an: a eae Wyo. Size Voltage Breakdown Material 
be Howard Crider—Ardmore, Okla. Ys"" 1,500 RMS Air gap between mating parts None 
ce L. P. Kinnear—Great Bend, Kansas | 
Is Lee Snodgrass Co.—South Gate, Cal. 
1e Neil Ginther—Wooster, Ohio 2” 3,500 RMS air gap between mating parts None 
a Osborn Eng. Sales Co.—Edmonton, Canada 
: B. F. Krause—Mexico *By R. R. Crookston & Associates. 
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You can’t afford to speculate with corrosion control! 


Today you are tightening up on business operations. Risks 
are out. For pipeline protection, you can’t afford to get away 
from time-tested corrosion control methods. Protective 
Coating Materials by Plastics and Coal Chemicals Division 
give you constant protection—superlative continuity, im- 
permeability, bond, body strength, stability and chemical 
inertness. Made from highest quality coal-tar pitch—the 
shield that has proved best! 


Proved and improved for three generations, these Pipeline 


Primers, Enamels and Auxiliary Protective Pipeline Felts 
form a lasting barrier against corrosive elements. 


A staff of Field Service Experts are at your call to offer you 
technical assistance that can save you maintenance time 
and costs. 


Always ask your applicator to use Protective Coating Mate- 
rials produced by Plastics and Coal Chemicals Division. 
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Ground Bed 


Basic engineering information about DURIRON impressed current anodes for cathodic protection. 





Protection of a Pipe Line 





THE PROBLEM: To protect a pipe line in a creek bed area where 
coke breeze could not be used due to sandy top soil and quicksand 
at a four foot depth. The very nature of sandy soil prevents adequate 
backfilling because it is very prone to caving. The original ground 
bed of bare scrap iron anodes had a high resistance and showed a 
tendency to dry out during the year. Adequate protection of the pipe 


line was not being achieved. 


THE INSTALLATION: Twenty Duriron Type D 
Anodes (2” dia. x 60”) were installed in two rows, 
20 feet apart, with 20 foot spacing in each row as 
illustrated in Fig. 1. Soil resistivity averaged 2500 
ohm-centimeters measured with the four pin method 
at 10 foot spacing. The anodes were jetted into place 
using a high velocity stream of water through a 10 
foot piece of 1 inch pipe with the top of each anode 
eventually being approximately three feet below the 
surface (Fig. 2). Approximately 60 seconds were re- 
quired to install each anode by this method. The 
anodes were connected to a 2/0 aluminum header, 
with the exception of numbers 4, 6, 16, and 17 which 
were connected to separate number 6 leads and were 
carried back to the rectifier and connected thereto 
with 0.01 ohm Holloway shunts. This made possible 
the reading of individual current values for these four 
anodes. The connection to the pipe line was by means 
of an overhead 4/0 copper cable, a distance of about 
1000 feet. 


RECTIFIER 1: 
1000 





FIG. 1—Illustration of how Duriron Anodes were spaced. 


THE DURIRON COMPANY, INC. / Dayton 1, Ohio 


THE PERFORMANCE TO DATE: This group 


of anodes produced 34 amperes (an average of 0.65 
amp./sq. ft.) at 46 volts, and after approximately three 
year’s time, these readings have not fluctuated ap- 
preciably. Based on initial readings, the resistance of 
single Type D anodes to ground is approximated by 
the expression R—0.005p. (R is the single anode re- 
sistance and p the soil resistivity in ohm-centimeters.) 
The loop resistance of sixteen anodes (all except the 
four with independent leads) was measured as 1.3 
ohms; the four, together, read 3.9 ohms; and all twenty 
indicated 1.2 ohms. This indicates that Duriron anodes 
can be installed without backfill and operate at ap- 
preciable current densities with no noticeable tend- 
ency toward gas blocking. The jetting-in process used 
to install these Duriron anodes was reported to result 
in considerable savings. It would have been very diffi- 
cult to install anodes in holes dug by the usual rotary 
drill method under the ground conditions described 
above, and it would also have been expensive to trans- 
port backfill to this relatively inaccessible locality. 





FIG, 2—IIlustration of jetting in process. 
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PROBLEM: 
PROVIDE SURE, LOW-COST 
CORROSION PROTECTION FOR 
BUTANE SPHEROIDS 


bid 


Solution: Specify Time-Tested PITT CHEM /”su/-Mastic 


Grtzetion of a durable, heavy-duty moisture 
and vapor seal was an important consideration 
in planning the corrosion and insulation protec- 
tion of five 40,000-barrel spheroid butane tanks 
at a large East Coast refinery.* 

Because of its long record of maintenance-free 
service in the petroleum industry, Pitt Chem 
Insul-Mastic Gilsonite coating was specified for 
the job. Foam glass type insulation blocks were 
imbedded in Insul-Mastic #4010 Vaporseal. The 
same material was used for all joints and sprayed 
as a final weather sealing coat to protect the effi- 
ciency of the insulation and prevent corrosion of 
the metal structures. A glass membrane was 
imbedded in the weather sealing coat to assist in 
withstanding structural movement. Geo. 
Hamilton, Inc., Pittsburgh, was contractor for 
the job. 


. PITT CHEM 
Think Fost Coal Tar Coatings 
Ue Q alngs PITT CHEM 
of / “‘Insul-Mastic”’ Gilsonite Coatings 
Hate Lost: PITT CHEM 
“Tarset’ Coal Tar 
Epoxy Coating 
PITT CHEM Industrial Coatings are available through 
leading Industrial Distributors. See the “Yellow Pages.” 


COAL CHEMICALS @ PROTECTIVE COATINGS @ PLASTICIZERS @ ACTIVATED CARBON @ COKE 


Pitt Chem Insul-Mastic coatings have no equal 
in stopping moisture vapor penetration. Unlike 
ordinary asphaltic coatings, they contain Gilsonite, 
one of the most chemically resistant bitumens 
known. They withstand extremes of heat and cold, 
moisture and dryness, expansion and contraction. 

Specify Pitt Chem Insul-Mastic for your next 
corrosion-proofing or vapor sealing job. You'll be 
using the same protection applied to many hun- 
dreds of pieces of equipment in the petroleum 
industry, many of which have been Insul-Mastic- 
protected for nearly two decades with little or no 
maintenance cost. 

Pitt Chem Jnsul-Mastic Coatings are available 
through your local industrial distributor. Call him 
today for more information, or write direct for a 
Pitt Chem Corrosion Protection Guide. 

*Name on request. 
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